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Executive Summary

Three panels of practicing scientists and engineers were assembled in the Summer of
2007 for the purpose of reviewing the current Virginia Standards of Learning (SOL) in
physics and chemistry and Virginia’s K-12 program in engineering. Members of the
panels were drawn from university physics and chemistry departments, schools of
engineering, government research laboratories, and industry from across the
Commonwealth. This diversity of membership provided background at all technology
readiness levels from basic research to technology and development to manufacturing
and operations.

The panels did not focus on advanced science content but rather were asked to answer the
question: What are the physics (chemistry/engineering) essential content to reach 80% —
90% of all high school students to help them become productive citizens in the 21
Century? Or: What is the essential physics (chemistry/engineering) knowledge that
citizens should have to understand the world around them, to make decisions on
political questions that more and more involve understanding of science and
technology, to triage and understand the plethora of news and information that is
available by the current World Wide Web and will be available on the next
generation Internet?

This is the final report of the Panel on Engineering which met at the National Institute of
Aerospace in Hampton, Virginia, June 5-6, 2007.

Four weeks prior to the meeting, panel members were provided materials on proposed
national science standards, including those developed by the National Research Council
and Project 2061 of the American Association for the Advancement of Science, and
information on a selection of K-12 engineering programs that are in use nationally.

After working in facilitated sessions as subgroups and a committee of the whole, the
Engineering Panel developed the following findings:

e General:

o Because engineering is often conflated with science and mathematics, the
panel developed a working definition: “Engineers identify human needs
and wants, then creatively apply mathematics, science, technology, and
other disciplines in (e.g., aesthetics, urban studies, operations, etc.) and
impose relevant constraints (e.g., cost, schedule, redundancy, etc.) to
design and evaluate innovative products and systems that address those
needs and wants.” (Engineering is inherently interdisciplinary and creates
new value to satisfy a stated need while science discovers relationships in
and characterizes the existing world.)

o The two major strands identified as "The Designed World" and "The
Nature of Technology" in the American Association for the Advancement
of Science’s Project 2061 “Benchmarks” are not adequately addressed in
Virginia’s current required K-12 curriculum. The engineering design



process, including the problem definition and the role of multiple
constraints, is a critical component of engineering knowledge, and
understanding that process as well as the ways in which engineering
impacts public life are critical to helping Virginia's citizens make
informed decisions.

To prepare for the 21st Century, students need to have more application-
oriented work in science and mathematics, either by integrating
engineering into the current science strands, through a separate
engineering strand, or through some combination of the two to help K-12
teachers use examples from "the designed world" to demonstrate
applications of science, technology and mathematics to the designed world
including the political, economic, environmental, sociological, and
technological ramifications.

e Student Success

o

Engineering bridges a gap between the mostly theoretical current K-12
mathematics and science curriculum and the traditional and 21% century
trades areas of the K-12 Career and Technical Education Program (see
figure on page 6).

Because women and minorities continue to be underrepresented in
engineering, efforts to address K-12 engineering should incorporate
specific activities to reach these underrepresented groups regarding careers
in engineering to ensure that 21* century engineers are drawn from the
largest possible workforce pool.

e Specific Implementation

©)

Any implementation of an engineering curriculum must have teacher
training and on-going support as a required component.

The teaching of engineering processes and principles should begin in K-5.
Required engineering modules should be integrated into 6-8 curriculum
Any discussion of engineering modules, outcomes, and standards must
include a discussion of appropriate methods of assessment that move
beyond multiple choices tests (which do not effectively capture
engineering knowledge, particularly with respect to the design process and
the impact of engineered technologies on society). Effectively designed
assessment processes, along with the investment required to sustain those
assessments, are central to the successful inclusion of engineering in the
K-12 curriculum.

Engineering courses that prepare students for a career in engineering
should be available to all high school students.

The nationally available program, Project Lead The Way (PLTW) satisfies
almost all of the panels requirements for an engineering preparatory
program and should be considered as basic high school engineering
program to be implemented “as is” or used as a basis while customizing
and continuously improving a school’s engineering offerings.



Figure. Engineering bridges a gap between the mostly theoretical current K-12
mathematics and science curriculum and the traditional and 21* century trades
areas of the K-12 Career and Technical Education Program
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Introduction and Background

In the Fall of 2006, NASA engaged in discussions with the Office of the Secretary of
Education in Virginia with regard to partnering for the development of a workforce
skilled in the capabilities needed by NASA for the 21* century. With many of its staff
nearing or past retirement age, NASA was particularly concerned about its next-
generation workforce while the Office of the Secretary of Education was interested in
having a STEM'-capable team examine the current content of the STEM curriculum in
the state and carry out an independent “gap analysis”. A recent study” published by
Achieve, Inc., showed that many graduates go into the workplace or further education
after high school graduation feeling unprepared, identified by their employers as
unprepared, or requiring remedial, not-for-credit courses. An agreement® was reached
whereby NASA would provide a scientist/engineer to the Secretary’s office for nine
months during which, he/she would lead a review of the physics, chemistry, and
engineering’ programs in Virginia. The reviews would be carried out by panels or teams
of practicing scientists and engineers, drawn from research university content area
departments, government research laboratories, and industry. The output from each
review panel would be a white paper deliverable to the Secretary of Education and
publicly available.

Over the past twenty years, two well-respected national organizations, the National
Research Council of the National Academies of Science and the American Association
for the Advancement of Science have developed documents that lay out potential national
standards and benchmarks for Science in the Nation’s schools K-12°.

In addition to these two national efforts, the past fifteen years has seen individual states
develop their own standards in a number of academic disciplines. Virginia began its
standards development under Governor George Allen around 1994. The focus of these
first standards was school accountability. In an effort to assure accountability of all of
Virginia’s public schools with respect to some common course content, the Virginia
Standards of Learning (SOL) were created. These SOL are implemented as outcome

" STEM is an acronym for Science, Technology, Engineering, Mathematics.

2 “Rising to the Challenge: Are High School Graduates Prepared for College Work? A
Study of Recent High School Graduates, College Instructors, and Employers”.
Conducted for Achieve, Inc. by Peter D. Hart Research Associates (February 2005).

3 Intergovernmental Personnel Act (IPA)

* While NASA has an interest in all STEM areas, it has a particular interest in physics
and chemistry, the science basis for new and exotic materials that would be required to
carry out its Exploration mandate, and engineering which is the basis for the development
of these materials into useful structures and the spaceflight capabilities to use them.
Follow-on panels to similarly review the other science areas are a possible future activity.
3 National Science Education Standards (National Academy Press, 1996) and Project
2061: Science for All Americans and Benchmarks for Science Literacy (American
Association for the Advancement of Science, 1990).



standards in that the assessments or tests associated with them identify whether the
material was learned by students (as opposed to simply taught by teachers).

To further clarify what the SOL are intended to be and what they are not intended to be,
we can look at two excerpts from the Introduction to Virginia’s Science SOL:

e “The Science Standards of Learning for Virginia’s Public Schools identify
academic content for essential components of science curriculum at different
grade levels.” and;

e “The Standards of Learning are not intended to encompass the entire science
curriculum for a given grade level or course or to prescribe how the content
should be taught. Teachers are encouraged to go beyond the standards and select
instructional strategies and assessment methods appropriate for their students.”

While conceived as minimal accountability standards (a floor), the content of the SOL
soon became the course outline for many teachers. As fiscal pressure, particularly
through the No Child Left Behind (NCLB) Federal legislation, increased for students to
pass these state assessments, school administrators put more pressure on teachers to
assure that their students would indeed pass. This pressure along with the large breadth
of the SOL for some courses, has precluded many teachers from “go(ing) beyond the
standards”.

The standards are revised every seven years as a part of the formal review process
approved by the State Board of Education — science undergoes its next revision in 2010.
The output from the physics and chemistry panels is intended to inform that review
process.

The job of Physics Team and Chemistry Team was to develop some consensus around
the essentials of citizen knowledge in (physics)/(chemistry) for the next 25 years. That is,
what is the essential physics or chemistry knowledge that citizens of the Commonwealth
should have to understand the world around them, to make decisions on political
questions that more and more involve understanding of science and technology, to triage
and understand the plethora of news and information that is available by the current
World Wide Web and will be available on the next generation Internet. The task of the
Engineering Team was not too much different but was a bit more broadly defined in
terms of what engineering program would be most appropriate for our students in the 21%
century. Engineering is not a part of the traditional curriculum for which there are SOL;
it has developed in the CTE (Career and Technical Education) division of the Virginia
Department of Education. Thus the panel could not look at an SOL content set for
engineering, but, rather, looked at various programs that Virginia teachers have created,
some “turn-key” national programs that have been created and are available for purchase,
and the K-12 SOL for engineering in the state of Massachusetts.



Finally, a reminder that these panels were NOT defining advanced course content — that
work is being done nationally and it focuses on the top 10% of our students®. The panel’s
focus was on ALL students in laying out a safety net of science (physics/chemistry) and
engineering content that the remaining 90% of Virginia’s high school students need to be
economically and politically productive citizens of Virginia in the 21% Century.

The expression “STEM” is often used rather loosely to describe any curriculum that is
science or math related. For the purposes of understanding the engineering panel’s
output, it is important to differentiate between the four STEM components. We will
assume the following descriptive definitions:

e Science is the study of the existing physical world and its manifestations,
especially through systematic observation and experiments. Science explains the
world that is.

e Technology is the application of scientific and engineering knowledge to achieve
a practical result.

e Engineering is the creation or development of new devices and objects that are of
importance or value to humans and society.

e Mathematics is a branch of pure science or philosophy (logic) that in its applied
state can be used to help make quantitative analyses and predictions for science,
technology, and engineering.

This report presents the results from the Engineering Panel in its consideration of what
engineering knowledge 90% of Virginia’s students need to be economically and
politically productive citizens of the Commonwealth for the 21% century. The panel also
reports on what programs should be available to those students who are considering a
career in engineering.

¢ In Virginia (2004 data), approximately 10% of students in grades 9-12 were taking one
or more Advanced Placement courses; 1% were in Governor’s Schools, and 0.25% were
in International Baccalaureate (IB) programs. The College Boards are working on
aligning AP courses and the American Institute of Physics and NRC have developed
reports on advanced needs in physics and chemistry respectively.



Philosophy for Selecting Team Membership

Because many previous SOL content development teams were made up with a
preponderance of K-12 science educators, with some practicing scientists only as
advisors or reviewers, this team was designed to complement and supplement the
content-area expertise of those teams. The Engineering Team was designed to have
subject matter expertise across a large range of engineering activities and endeavors from
basic research through technology and development to operations and production. To
this end, members were solicited from university engineering schools, government
research laboratories, industry, and K-12. Three Virginia K-12 teachers who were
currently teaching engineering in their schools were solicited. There was an attempt to
get a diverse mix of members and a mix of government laboratories that spanned the
Department of Energy, NASA, and the Department of Defense.

Members of the Engineering Team’ and their major affiliation were:

Dr. Marie Paretti Virginia Tech

Dr. John Bean University of Virginia

Mr. Jerry Robertson ODU

Dr. Bob Kolvoord JIMU

Dr. Bob Lindberg National Institute of Aerospace

Dr. Charlie Camarda NASA — Johnson Space Center

Dr. Doug Dwoyer NASA - Langley Research Center

Mr. George Biallas Department of Energy — Jefferson Lab
Mr. Alan Dean Naval Surface Warfare Center — Dahlgren
Dr. Mohammad Takallu Lockheed — Martin

Mr. Matt Miller Micron Technology Virginia

Mr. Marty Rothwell Chantilly Academy Fairfax County

Mr. Roger Hunt Jamestown High School Williamsburg
Ms. Cheryl Simmers Appomattox Governor’s School Petersburg

What this team brought to the scene was unique — not claimed to be better or worse just
unique - from previous SOL and curriculum work in three ways:

e They were a team of content-centric practitioners — not education
specialists.

o They had available descriptions of a selection of K-12 engineering
programs that were already in place across Virginia and the Nation.

e They brought a range of perspective from university research and
technology through government laboratory technology and development to
industry development and production.

7 A short biography for each member is in Appendix A
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Preparation for Meeting

Because the team was developed for its engineering content-area expertise and came
from diverse backgrounds across the research, technology, development, and production
compass, a set of documents was prepared to provide background on the current state of
K-12 engineering in the United States and some national thinking about what science
should be in the 21* century. The full set of documentation is Appendix B and a
summary is given here.

Members were provided information from three nationally available engineering
programs: Project Lead The Way (PLTW); Texas Instrument’s The Infinity Project; and
Ford Motor Company’s Partnership for Advanced Study (PAS). They also received a
copy of the Standards of Learning (SOL) for the K-12 engineering program that was
instituted in Massachusetts in 2001.

Project Lead The Way (PLTW) was first created in New York State to fill a curriculum
gap in engineering for high schools. It is administered nationally through a non-profit
corporation and program integrity is ensured in each state through an “affiliate”
university school of engineering which provides training, support, and on-going
validation of PLTW-offering schools in that state. Old Dominion University’s Batten
School of Engineering is the affiliate in Virginia (Duke is the affiliate in North Carolina)
and offers a two-week residential summer teacher training program that is required of
teachers for each course. PLTW provides a complete traditional 4-year engineering
program that begins with “Introduction to Engineering” in the ninth grade, “Principles of
Design” in tenth grade, a specific focus course such as “Aerospace” “Computer
Integrated Manufacturing”, “Blotechnology” etc in 11™ grade, and a capstone team
design/build/operate course in 12" grade. PLTW also has a middle school curriculum
called “Gateways to Technology”.

The Infinity Project was developed by Texas Instruments Corporation to fill a gap in the
development of Digital Design Engineers for TI’s next generation workforce. It is
administered through Southern Methodist University where a one-week residential
training program is offered to prepare Infinity Project teachers. The course focuses on
digital electronic engineering as the course textbook, “Engineering Our Digital Future”
indicates. The final chapter of the textbook does address other engineering disciplines in
“The Big Picture”. A laboratory activity kit can be purchased along with the book.

The Ford PAS program is designed from Ford’s global needs in engineering capability
with understanding of markets, economies, social interactions, and technology. It is
made up of five semester-long courses, each of which is made up of three modules. The
course can be taught as designed or some of the individual modules can be integrated into
U.S. History, Statistics, Physics, Economics, and Engineering. The courses are Building
Foundations (problem solving, communication, research skills); Adapting to Change
(careers, companies, communities, environment, efficiency); Managing and Marketing
with Data (business success, quality, data to knowledge); Designing for Tomorrow
(reverse engineering, different by design, energy for the future); and Understanding the



Global Economy (wealth of nations, markets without borders, global citizens). Training
and teacher development is available from Ford.

Team members also received a copy of the “Kentucky Survey of Critical Technologies:
Highlights” from June of 2004. This document reports on the results of a survey of some
500 middle and high school science teachers in Kentucky regarding their awareness and
comfort with contemporary and emerging technologies. As an example, while 99% of
those surveyed were aware of the concept of “stem cells”, only 47% said that they
understood that concept, and 24% taught it. Sixty per cent of these teachers were aware
of “nanotechnology”, but only 18% said that they understood it, and 7% replied that they
taught it. Thirty-eight percent of these teachers also said that their preferred source of
content training was the web with only 8% preferring “In-service” programs at their
schools.

The Commonwealth of Massachusetts recently put in place a complete K-12 engineering
curriculum and the standards of learning (SOL) for that program were provided to panel
members.

They were also given selections from the National Research Council’s “National Science
Education Standards” and complete copies of two books: The American Association for
the Advancement of Science Project 2061 “Science for All Americans” and
“Benchmarks”.

Science for All Americans differentiates mathematics, science, and engineering as
follows: “Scientists see patterns in phenomena as making the world understandable;
engineers also see them as making the world manipulable. Scientists seek to show that
theories fit the data, mathematicians seek to show proof of abstract connections;
engineers seek to demonstrate that designs work...”

Two specific chapters of Science for All Americans were a focus for the engineering
panel: The Nature of Technology and The Designed World.

From The Nature of Technology, “In the broadest sense, technology extends our abilities
to change the world, to cut, shape, or put together materials; to move things from one
place to another; to reach farther with our hands, voices, senses. We use technology to
try to change the world to suit us better. The changes may relate to survival needs such
as food, shelter, or defense or they may relate to human aspirations such as knowledge,
art, or control. But the results of changing the world are often complicated and
unpredictable. They can include unexpected benefits, unexpected costs, and unexpected
risks — any of which may fall on different social groups at different times. Anticipating
the effects of technology is therefore as important as advancing its capabilities”

From The Designed World: “The world we live in has been shaped in many important
ways by human action. We have created technological options to prevent, eliminate, or
lessen threats to life and the environment and to fulfill social needs. We have damned
rivers and cleared forests, made new materials and machines, covered vast areas with

12



cities and highways, and decided — sometimes willy-nilly — the fate of many other living
things.

In a sense then many parts of the world are designed — shaped and controlled, largely
through the use of technology — in light of what we take our interests to be. We have
brought the earth to a point where our future well-being will depend heavily on how we
develop and use and restrict technology. In turn, that will depend heavily on how well we
understand the workings of technology and the social, cultural, economic, and ecological
systems within which we live.

While Science for All Americans is written from a holistic science viewpoint, the issues
that humans have control over in the two excerpts above — the development of
technologies and their applications - are controlled through engineering.

13



Meeting Place and Process (Agenda)

The Engineering Panel met on June 5-6, 2007 at the National Institute of Aerospace in
Hampton, Virginia. Members had received their preparation reading four weeks in
advance of the meeting. The agenda was structured to get the participants first to talk
about their own engineering expertise, background, and any initial thoughts they had on
the preparatory material or the problem in front of the panel.

Next, the participants were put into four smaller homogeneous breakout groups to
consider (brainstorm) the main question before them: What is the engineering essential
content to reach 80% — 90% of all high school students to help them become
productive citizens® in the 21% Century? The four homogeneous groups were broken
out as:

University representatives
Government laboratory representatives
Industry representatives

K-12 representatives

The four homogeneous groups then reported out to the entire panel, with all panel
members engaging in discussion for clarification.

Next, the participants were grouped into three “mixed groups” wherein each group had a
mix of membership from each of industry, K-12, university, and government lab. The
three mixed groups were asked to develop a draft of recommendations based on their
earlier homogeneous group discussions and report-out. These groups reported out to the
entire panel and their ideas were catalogued (like-things combined) and prioritized.

Finally, the whole group was asked about what engineering courses should be available
to potential engineering majors — the first day and a half having been devoted to the
engineering needs of ALL students.

8 What is the essential engineering knowledge that citizens should have to understand the
world around them, to make decisions on political questions that more and more involve
understanding of science and technology, to triage and understand the plethora of news
and information that is available by the current World Wide Web and will be available on
the next generation Internet.

14



Results

Participants began the meeting by introducing themselves, their particular area of
engineering expertise, and their thoughts based on their expertise and preliminary reading
material. Among the issues raised were:

e Training of engineering teachers.

e How to provide engineering classes in rural as well as urban areas.

¢ Who would be willing to teach K-12 engineering with the pay difference between
engineering jobs and K-12 teachers’ salaries?’
Consider the ethics of engineering.
Differentiate “engineering” from “technology”.
What are U.S. engineering needs in the current world of offshore outsourcing?
(Innovation?)

e At what age should engineering be introduced?

The team then broke out into four homogeneous groups — groups whose members shared
similar affiliation as:

University
Government Lab
Industry

K-12

These groups worked independently on the first fundamental question: What is the
engineering essential content to reach 80% — 90% of all high school students to help
them become productive citizens in the 21* Century?

The groups then reported out their findings to the whole team. While there was some
overlap in the products between teams, some of the outputs of this first brainstorming
session were as follows:

e University
o Need for definition and clarification of “engineering”
o What aspects of engineering should students have by the completion of
high school? (decision-making, assessment of problems/finding solutions)
o Make science SOL more applications oriented.
o Do not underestimate younger children’s ability to understand engineering
principles — they are not too abstract.
e Government Lab
o Tried to answer the question: What information is necessary to carry us
into the future — engineering for society?

? Entry level to 10 years experience salary range for engineers ($53K - ~§100K); Entry
level to 10 years experience salary range for K-12 teachers ($35K - ~$43K). National
salary data from Salary.Com

15



Skills: Graphical representation, draw a picture, modeling, understand
technology and its limits.

Basic knowledge: the sciences and probability/statistics.

Abilities: Logical thinking, understanding components/integration,
analysis, understanding boundaries of problems and impact of potential
solutions, oral and written communication

What is lacking in current education?: Not enough creativity, mechanical
thinking dominates originality and imagination, few open ended problems,
low long-term retention of material, inability to deal with ambiguity.

e Industry

o]

(@)
)

Math and science provide tools used by engineers to analyze “manmade”
world

Engineering provides tools for scientists to understand the natural world.
Engineering/Science relationship should be understandable to middle and
high school students

Provide broad overview of field of engineering

Industry needs: technologically literate workers/public; ability to work
independently and in groups; good citizens; a large pool of qualified
engineers.

Engineering process impacts life skills of decision-making

Research process remains the same throughout disciplines but is a difficult
process for students to grasp due to lack of integration and a lack of time
for teachers to discuss it.

SOL put high demand on teachers to teach specifically to SOL material so
they try to cram additional material in after the SOL testing

Students often are intent on reaching an endpoint — makes schools a task
instead of a journey.

The second day opened with a review of overnight thoughts on the matter before the team
and a second breakup into three smaller groups. These groups were mixed or
heterogeneous with each group having a mix of university, government lab, K-12, and
industry perspectives. These groups continued to work the output of the homogeneous
groups and reported out as follows:

e Group 1:

o
)

Definition of “engineering” — Engineers identify human needs/wants
Content offered to the 90% - design experience and comprehension;
understanding life-cycles; how engineered products/systems change life;
fundamental principles such as stress analysis and statistics.

e Group 2:

O
©)

Cyclical engineering design process

Definition of engineering: “Engineers are individuals who combine
knowledge of multiple disciplines to solve problems that confront society,
and to utilize methods, materials, and forces of nature for the benefit of all
humans”

16



e Group 3:
o Proposal: Implement Project Lead The Way (PLTW) Statewide (use same
approach as South Carolina)
National existing curriculum
Has assessment tools
In 14 Virginia school divisions today
Engages a vast majority of the issues brought up in the
panel discussion
o Use PLTW “Gateway” programs in middle school for “90%”

Finally, the full team addressed the second issue: that of preparing students to major
in engineering in college — though this had been touched on by some breakout groups
earlier. Discussions among the whole group brought out the following points:

e Skills
o Motivated
o See big picture
e Supporting math
o Applied algebra
o Data analysis
o Software package such as MATLAB
o Show work — don’t just test getting answer
e Ideal engineer
o See NAS Engineer 2020 Report
Strong analytical skills
Practical ingenuity
Creativity, innovation
Good communication
Leadership
High ethics, professionalism
Life-long learners
Able to solve open-ended problems in high school
Drawn to majors by inspiring faculty
American students have career choices throughout formal education
process
o Tolerance of ambiguity
e Create hands-on/open-end design project
o FIRST series (FIRST Lego League, VEX, FIRST Robotics)
o Destination Imagination
o Odyssey of the Mind
o Mentors from engineering but trained in pedagogy to inspire
o Innovative and culturally relevant
o
o
o

O 0O 0O O0OO0OO0OO0OO0OO0OOo

Manageable challenges, low-cost, fun

Digital libraries or open-source materials reviewed by users

Possibly introduced in a pre/intro to engineering course that is design
focused, somewhat math based, uses state-of-the-practice software



In summarizing the material and discussion brought out during the two days of working
in facilitated sessions as subgroups and a committee of the whole, the Engineering Panel
output can be presented in the following findings and recommendations:

e General:

o Because engineering is often conflated with science and mathematics, the
panel developed a working definition: “Engineers identify human needs
and wants, then creatively apply mathematics, science, technology, and
other disciplines in (e.g., aesthetics, urban studies, operations, etc.) and
impose relevant constraints (e.g., cost, schedule, redundancy, etc.) to
design and evaluate innovative products and systems that address those
needs and wants.” (Engineering is inherently interdisciplinary and creates
new value to satisfy a stated need while science discovers relationships in
and characterizes the existing world.)

o The two major strands identified as "The Designed World" and "The
Nature of Technology" in the American Association for the Advancement
of Science’s Project 2061 “Benchmarks”are not adequately addressed in
Virginia’s current required curriculum. The engineering design process,
including the problem definition and the role of multiple constraints, is a
critical component of engineering knowledge, and understanding that
process as well as the ways in which engineering impacts public life are
critical to helping Virginia's citizens make informed decisions.

o To prepare for the 21st Century, students need to have more application-
oriented work in science and mathematics, either by integrating
engineering into the current science strands, through a separate
engineering strand, or through some combination of the two to help K-12
teachers use examples from "the designed world" to demonstrate
applications of science, technology and mathematics to the designed world
including the political, economic, environmental, sociological, and
technological ramifications.

e Student Success

o Engineering bridges a gap between the mostly theoretical current K-12
mathematics and science curriculum and the traditional and 21* century
trades areas of the K-12 Career and Technical Education Program (see
figure below)

o Because women and minorities continue to be underrepresented in
engineering, efforts to address K-12 engineering should incorporate
specific activities to reach these underrepresented groups regarding careers
in engineering to ensure that 21 century engineers are drawn from the
largest possible workforce pool.

e Specific Implementation

o Any implementation of an engineering curriculum must have teacher
training and on-going support as a required component.

o The teaching of engineering processes and principles should begin in K-5.

o Required engineering modules should be integrated into 6-8 curriculum



o Any discussion of engineering modules, outcomes, and standards must

include a discussion of appropriate methods of assessment that move
beyond multiple choices tests (which do not effectively capture
engineering knowledge, particularly with respect to the design process and
the impact of engineered technologies on society). Effectively designed
assessment processes, along with the investment required to sustain those
assessments, are central to the successful inclusion of engineering in the
K-12 curriculum.

Engineering courses that prepare students for a career in engineering
should be available to all high school students.

The nationally available program, Project Lead The Way (PLTW) satisfies
almost all of the panels requirements for an engineering preparatory
program and should be considered as basic high school engineering
program to be implemented “as is” or used as a basis while customizing
and continuously improving a school’s engineering offerings.

Figure. Engineering bridges a gap between the mostly theoretical current K-12
mathematics and science curriculum and the traditional and 21* century trades
areas of the K-12 Career and Technical Education Program
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APPENDIX A

Short Biographies of Engineering Team Members:

Dr. John Bean, J.M. Money Professor of Engineering and Applied Science, University of
Virginia. BS (Applied Physics) Caltech; MS and Ph.D. (Applied Physics) Stanford.
Previously, Dr. Bean was Head of the Material Science Research Department at Bell
Labs in Murray Hill, N.J. His most recent research interests have been in the self-
assembly of semiconductor nanostructures and the development of new techniques for
the fabrication of molecular electronic devices. He initiated the UVA Virtual Lab public
science education website and has received the UVA “All University Teaching Award”.

Mr. George Biallas, Senior Staff Engineer, Jefferson Lab-Department of Energy. BSME
University of Illinois; Registered Professional Engineer. Mr. Biallas is responsible for
the concepts, design, and construction of high energy beam transport systems, target
systems, and infrastructure including superconducting magnets and cryostats for state-of-
the-art national accelerator facilities. Previously, he was a staff engineer at Enrico Fermi
Institute and Fermi National Accelerator Laboratory.

Dr. Charlie Camarda, Astronaut and Deputy Director for Advanced Projects, NASA —
Johnson Space Center. BS (Aerospace Engineering) Polytechnic Institute of Brooklyn;
MS (Mechanical Engineering) George Washington University; Ph.D. (Aerospace
Engineering) Virginia Tech. Previously, Dr. Camarda carried out materials research and
was Head of the Thermal Structures Branch at NASA Langley Research Center and
served as Director of Engineering at NASA Johnson. He was selected to be an astronaut
in 1996 and flew on the return-to-flight mission of the Space Shuttle, STS-114 in 2005.

Mr. Alan Dean, Deputy NAVSEA Warfare Center Workforce Executive, Naval Surface
Warfare Center — Dahlgren, VA. BS (Electrical Engineering) Lowell Technological
Institute; MS (Electronics Engineering) Virginia Tech; MA Mary Washington College
and a graduate of Naval War College. Previously, Mr. Dean served as Branch Head for
the Submarine Launch Ballistic Missile Program and the Anti-Submarine Program as
well as Senior Staff Scientist in Computer Engineering. He has carried out research on
Expert Systems and the modeling and simulation of microprocessors.

Dr. Doug Dwoyer, Project Director Hampton Roads Research Partnership — a consortium
of research universities in the Hampton Roads VA area. BS, MS, Ph.D. (Aerospace
Engineering) Virginia Tech. Dr. Dwoyer formerly served as Associate Director for
Operations and Director of Research & Technology for NASA Langley Research Center.
He has carried out research in Computational Fluid Dynamics at Wright-Partterson Air
Force Base, United Technologies Research Center, and NASA Langley Research Center.



Mr. Roger Hunt — Teacher (Project Lead The Way), Jamestown High School,
Williamsburg, VA. BS (Vocational Education) Virginia Tech; MS (Human Resources
Development) Clemson. Before teaching, Mr. Hunt worked for Fluor Corporation on
planning, design, and construction of large domestic and international facilities such as
the 5™ terminal at London’s Heathrow Airport. He also was Director of Performance and
Learning for the Americas in Arthur Anderson’s Global Corporate Division.

Dr. Bob Kolvoord, Professor of Integrated Science and Technology and Educational
Technologies, James Madison University. BA (Physics) University of Virginia; MS
(Material Science) University of Virginia; Ph.D. (Theoretical and Applied Mathematics)
Cornell University. Previously Dr Kolvoord served as Senior Research Associate at the
Lunar and Planetary Laboratory at the University of Arizona and was co-founder of the
Center for Image Processing in Education. His current research specialty is visualization
and geospatial modeling applications for STEM education.

Dr. Bob Lindberg, President and Executive Director, National Institute of Aerospace. BS
(Physics with Distinction) Worcester Polytechnic Institute; MS (Engineering Physics)
University of Virginia; Eng.Sc.D. (Mechanical Engineering) Columbia University.
Previously Dr. Lindberg served in executive and program management positions at
Orbital Sciences Corporation including Sr. Vice President for Defense Programs and
Program Manager for X-34. Earlier he served as a research physicist and Branch Head at
Naval Research Laboratory and currently holds a concurrent post as Research Professor
in Mechanical and Aerospace Engineering at the University of Virginia.

Mr. Matt Miller, Senior R&D Process Development Engineer, Micron Technology Inc.,
Manassas, VA. BS (Chemical Engineering) University of Idaho. Mr. Miller currently
works with advanced thin film processing for DRAM and Flash semiconductor devices.
His area of engineering expertise is in metal deposition for sub-70nm process technology
nodes.

Dr. Marie Paretti, Assistant Professor of Engineering Education, Virginia Tech. BS
(Chemical Engineering) Virginia Tech; MA (English) Virginia Tech; Ph.D. (English)
University of Wisconsin — Madison. Dr. Paretti is currently Director, MSE/ESM
Engineering Communications Program and Co-Director of the Virginia Tech Engineering
Communications Center. Her current research focuses on professional practices
(communication, teaming, ethical behavior, cross-discipline and cross-cultural
collaboration) in both engineering workplaces and engineering curricula.

Mr. Jerry Robertson, Executive Director Virginia Applied Technology & Professional
Development Center at Old Dominion University. BS and MS (Mechanical Engineering)
Old Dominion University. Mr. Robertson is a registered Professional Engineer in
Virginia and a Certified Manufacturing Engineer by SME. He currently leads all Project
Lead The Way (PLTW) teacher training and is the professional engineer PLTW resource
for Virginia.



Mr. Marty Rothwell, Engineering Systems and Engineering Physics Teacher, Chantilly
Academy, Fairfax County Public Schools. BS (Physics) Mary Washington College;
MBA Averett College. He currently teaches engineering physics, engineering systems,
advanced engineering/robotics. Mr. Rothwell also serves as adjunct professor for George
Mason University and is mentor for Chantilly’s award-winning FIRST Robotics
Competition Team.

Ms. Cheryl Simmers, Engineering Teacher, Appomattox Governor’s School for Arts &
Technology. BS (Industrial Engineering and Operations Research) Virginia Tech; MS
(Industrial & Systems Engineering) Virginia Tech. She previously worked as a Project
Engineer at Naval Weapons Station Yorktown and as a Research Associate at the
Virginia Productivity Center. Ms. Simmers has been a public school teacher since 1994.

Dr. Mohammad Takallu, Senior Staff Aeronautical Engineer, Lockheed Martin Mission
Services. Diploma Ingeneur (Mechanical/Aerospace Engineering) University of Aachen
(Germany); Ph.D. (Mechanical/Aerospace Engineering) North Carolina State University.
He has worked on a wide range of aeronautical engineering topics including
aerodynamics, aeroacoustics, wake vortex and aircraft spacing, and flight deck
ergonomics/human factors. As an active pilot and certified flight instructor, he has
mentored many high school and college students in the science and art of flying.

Panel Facilitators:

Mr. Jim Batterson — Special Assistant on Loan from NASA to the Secretary of Education.
BS (Mathematics) and MS (Physics) College of William and Mary. He formerly carried
out research in system identification applied to flight test data and served as Head of the
Dynamical Systems and Control Branch at NASA Langley Research Center. Most
recently he served as Deputy Director for Strategic Development. Mr. Batterson has
taught high school physics and mathematics and served on the Newport News (VA)
School Board and New Horizons Governors School Board.

Dr. Charlie Sapp — BS (Aeronautical Engineering) U.S. Naval Academy; MS
(Aeronautical Engineering); MA (International relations and National Security); MA
(Strategic Studies); Ph.D (Organizational Leadership). He previously served as a pilot in
the United States Navy, retiring as a Captain. Dr. Sapp has also served on Vice President
Gore’s government reform task force and as an examiner for the Malcolm Baldridge
National Quality Award and the President’s Quality Award programs. He is currently a
member of the Hampton (VA) City Council.






APPENDIX B

Pre-meeting Reading Materials

Introduction and Background
Kentucky Survey of Critical Technologies
Project 2061: Benchmarks for Science Literacy (3 Excerpts)
National Science Education Standards (Excerpts)

A “Critique” of the National Science Education Standards
Leon Lederman on Science Reform
Innovation America
Ford Motor Company PAS Curriculum
Texas Instruments Infinity Project
Project Lead The Way and Technology Literacy
Massachusetts K-12 Engineering SOL

Comparing Some National and International Assessments
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A Brief Introduction and Some Background for K-12 Physics, Chemistry, and
Engineering Panel Members _

Jim Batterson

There were more than 1.2 million children in Virginia K-12 schools in 2005. More than
one million (or approximately ninety per-cent) of these students were in public school, an

" estimated 125,000 were in private schools, and 17,500 were home-schooled. The public

school students almost exclusively attend school in their county or city. In Virginia, these

“counties and cities, when taken together comprise the 134 school divisions in the

Commonwealth.! There are some wonderful programs of instruction in place and
numerous excellent teachers working in schools throughout these 134 school divisions.
Children complete some of these programs at some schools with incredible knowledge
and skills and proceed to be successful at some of the top colleges in the Nation. Other
students complete these courses or very good courses with highly qualified teachers and
are successful at a diverse range of colleges, two-year institutions, or in the workplace.
However, not all students have access to highly qualified teachers, exposurc to specific
content, or support infrastructure — particularly in science and mathematics® - and many
graduates go on to the workplace or further education after high school graduation feeling
unprepared, identified by their employers as unprepared, or requiring remedial, not-for-
credit courses®. Outcomes are uneven within school divisions where, even when
technology and infrastructure are evenly distributed, a few schools may have more highly
qualified teachers than others. _

The United States has no national curriculum. The evolution of education in the United
States has left the responsibility for educating the Nation’s young to each State (Tenth
Amendment to the Constitution of the United States). A brief chronology of education in
the United States is drawn from Pulliam and Van Patten’s History of Education in
America:

e 1600’s—1750’s: Government involvement in education varies by geography.
Northern colonies require primary education first at home then at “schools” to be

! As a reference, there are approximately 50 million K-12 students nationwide attending
school in approximately 15,000 school divisions.

% In 1992, only twenty-two out of sixty-one high school mathematics teachers had a
subject-area degree (defined as 36 semester hours of Calculus or higher coursework) in a
review of transcripts of teachers in one large urban Virginia school division. More recent
data show that approximately 10% of high school students (grades 9-12) are enrolled in
one or more AP (Advanced Placement) courses, 1% are in Governor’s Schools, and
0.25% are in IB (International Baccalaureate) Programs. This means that some 90% of
Virginia’s children rely on the Virginia Standards of Learning (SOL) to assure the quality
and appropriateness of their science course content.

3 Rising to the Challenge: Are High School Graduates Prepared for College Work? A
Study of Recent High School Graduates, College Instructors, and Employers. Conducted
for Achieve, Inc, by Peter D. Hart Research Associates (February 2005).



established with tax dollars. Southern farm economy and demography focuses
more on home-schooling with a few free-schools sponsored by the wealthy.
Teachers in schools have minimal education. Teaching confined to reading,
arithmetic, writing, and religion (four R’s). Only two universities by 1700
(Harvard and William & Mary — both religious as were the next ones, Yale,
Princeton). :

e 1770’s—1850’s: State universities established; “Graded” primary schools
established (1820); high schools established (1830); still wide discrepancies
between northern cities and agricultural South. Most schools still one room,
utilitarian or worse; Establishment of teacher training “normal schools” (1830’s).
By 1850, 45% of children attended school and half the states had established
school systems.

e 1860’s —1910: Establishment of Land Grant colleges for agriculture and .
engineering (Morrill Act) by Federal government (industrial revolution). High
school growth (1890); standardization of curriculum 1910; 400 teacher training
(normal) schools by 1900.

e 1910-1950’s: Establishment of vocational training schools; special education
curriculum; development of educational theories and research; national
accreditation standards; school year of 172 days with compulsory attendance
(1930); GI Bill for continuing education (1944); Vannevar Bush’s “The Endless
Frontier” emphasizing the critical importance of science to the U.S. economy and
National defense (NSF Report 1945)

e 1954 —today: Brown v. Board of Education; Cold War post-Sputnik focus on
Science and Mathematics; National Defense Education Act; Elementary and
Secondary Education Act (1965 — Title I) and amended to Improving America’s
Schools (1994), and to No Child Left Behind (2002); Teacher Corps; growth of
kindergarten enrollment; much research into child psychology and learning;
Department of Education (Cabinet level) established 1979; A Nation at Risk
(1980°s); National Science Education Standards (1996); Science for All
Americans/Benchmarks/Project 2061 (1990°s). State Standards of Learning

(1990°s). Physics First (2000); ubiquitous availability of knowledge on the World

Wide Web (2000); Global outsourcing (2000); Computational technology double
exponential growth (Moore’s Law)

e Today —2030: ?? Political, Economic, Social, Technology impacts ??
From this synopsis, we see that while education remains the responsibility of the states,

there has been increasing responsibility/authority taken on by the Federal Government,
particularly with and since the establishment of Land Grant colleges in 1862. Most

recently, two well-respected national organizations, the National Research Council of the

National Academies of Science and the American Association for the Advancement of




Science have developed documents that lay out potential national standards and
benchmarks for Science in the Nation’s schools K-12°,

In addition to these two national efforts, the past fifteen years has seen individual states
develop their own standards in a number of academic disciplines. Virginia began its
standards development under Governor Allen around 1994. The focus of these first
standards was school accountability. In an effort to assure accountability of all of
Virginia’s public schools with respect to some common course content, the Virginia
Standards of Learning (SOL) were created. These SOL are implemented as outcome
standards in that the assessments or tests associated with them identify whether the
material was learned by students (as opposed to simply faught by teachers).

To further clarify what the SOL are intended to be and what they are not intended to be,
we can look at two excerpts from the Introduction to Virginia’s Science SOL:

e “The Science Standards of Learning for Virginia’s Public Schools identify
academic content for essential components of science curriculum at different |
grade levels.” and;

e “The Standards of Learning are not intended to encompass the entire science
curriculum for a given grade level or course or to prescribe how the content
should be taught. Teachers are encouraged to go beyond the standards and select
instructional strategies and assessment methods appropriate for their students.”

While conceived as minimal accountability standards (a floor), the content of the SOL
soon became the course outline for many teachers. As fiscal pressure, particularly
through the No Child Left Behind (NCLB) Federal legislation, increased for students to
pass these state assessments, school administrators put more pressure on teachers to
assure that their students would indeed pass. This pressure along with the large breadth
of the SOL for some courses, has precluded many teachers from “go(ing) beyond the
standards”. :

The standards are revised every seven years as a part of the formal review process
approved by the State Board of Education — science comes up for its next revision in
2010. The output from these panels will serve to inform that review process.

So the job of Physics team and Chemistry team is to develop some consensus around the
essentials of citizen knowledge in (Physics)/(Chemistry) for the next 25 years. Thatis,
what is the essential Physics or Chemistry knowledge that citizens should have to
understand the world around them, to make decisions on political questions that more and
more involve understanding of science and technology, to triage and understand the
plethora of news and information that is available by the current World Wide Web and by
the next generation Internet. The task of the Engineering team is not too much different

- * National Science Education Standards (National Academy Press, 1996) and Project
2061: Science for All Americans and Benchmarks (American Association for the
Advancement of Science, 1990) — the latter two books are included in your package.



most appropriate for our students in the 21* century. As we will discuss when our team
meets, Engineering is not a part of the traditional curriculum for which there are SOL; it
has developed in the CTE (Career and Technical Education) wing of the Department of
Education. Thus we cannot look at an SOL content set for Engineering, but we will look
“at various programs that our teachers have created and some national programs that have

been created.

but will be a bit more broadly defined in terms of what Engineering Program would be .

In addition to the current Virginia Standards, the Physics and Chemistry teams will have
available to them sets of standards from other states that have been judged as “leaders” in
the development of quality standards®, the International Baccalaureate (IB) standards
which represent a consensus of representatives from more than 100 countries around the
world, and some “new” thinking (actually a decade old) by Leon Lederman on
sequencing and content of science courses.

We will also have for reference the National Science Education Standards, the Project

- 2061 Science for All Americans and Benchmarks, and the thinking of the American
Institute of Physics on an advanced high school Physics course - Improving Advanced
Study of Mathematics and Science in U.S. High Schools: Report of the Content Panel for
Physics (2002). What our team brings to the scene is unique — not claimed to be better or
worse just unique - from previous work in three ways:

1. We are a team of content-centric practitioners — not education specialists.

2. We have the current range of standards developed and implemented over the past
decade as benchmarks — we have the advantage of standing back and evaluating
what’s been created there.

3. We bring a range of perspective from university research through government
laboratory technology and development to industry development and applications.

Finally, a reminder that our panels are NOT defining advanced course content — that
work is being done nationally and it focuses on the top 10% of our students. Our focus is
on ALL students in laying out a safety net of science (physics/chemistry) content that the
remaining 90% of our students need to be economically and politically productive
citizens of Virginia in the 21 Century.

On behalf of all the children in the Commonwealth, I thank you for contributing to this
unique endeavor.

5 Paul R. Gross: The State of State SCIENCE Standards. Thomas B. Fordham Institute ‘
(2005). : _
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PREFACE

The economy is being transformed by many exciting new technologies emerging from research labs
worldwide - which must be introduced appropriately into learning experiences at various levels
throughout the education enterprise. Such a routine infusion of new knowledge will help excite young
people to learn about some technologies or perhaps their new applications that may not have existed
even just a few short years ago. Only by deliberate infusion strategies to keep pace with technological
changes will we be able to prepare coming generations of scientific and technologically savvy people
for the research labs and start-up companies fueling the knowledge economy.

Kentucky Science and Technology Corporation (KSTC), through the Kentucky Science and Engineering
Foundation' (KSEF), sponsored this survey of Kentucky science teachers in order to begin a journey
alongside our teachers to explore how best to bridge impertant connections between our schools and
the economy, particularly as they relate to keeping pace with critical and emerging technologies.
Every day KSTC deals with entrepreneurs, university faculty and educators as they carry out their
complementary roles in the knowledge economy. In doing so we began to sense an unintended
disconnect among these players, each committed to and deeply engaged in their own work.

We embarked upon this survey, with the assistance of Horizon Research International, to determine if
these perceptions were indeed reality - and, if so, to create solid footing on which to extend our work
with various groups to develop relevant strategies and processes to help bridge any knowledge gaps on
these technologies and others that are sure to emerge for years to come. No one sector or
organization can make the fundamental interconnections needed. It will take a crosscutting approach
to design dynamic strategies and on-going processes that will assist the information transfer --and age-
appropriate translations-- into our schools and learning environments.

This original research involved an on-line survey of Kentucky middle school and high school teachers of
science from a diverse, representative set of schools across the State. Our intent was to gauge current
levels of understanding of leading edge scientific terms and concepts in five broad categories being
targeted by the Commonwealth for investments in tech start-up companies and research efforts. The
purpose of the survey was to establish the: current levels of awareness, instruction and interest in
cutting edge technologies that are reshaping the science and engineering landscape.

The survey was conducted by Horizon Research International under the KSEF human resource
development program. Although primarily focused on building Kentucky’s world class research
capacities, KSEF’s complementary education goal is to create and help institute programs for human
resource development at schools that ultimately result in a workforce and innovative talent base for
creating and applying science and engineering technologies.

We offer these findings in the spirit of thoughtful conversation on the critical and often rapidly
changing interconnections between education and economic growth that are increasingly evident now
and will continue to emerge for the foreseeable future. We thank Horizon and the many teachers who
participated for their willingness to participate in this initial phase of project. It will take many more
people from various sectors and regions to engage in an ongoing conversation to strengthen the infusion
of critical technolagies into the learning enterprise - everyday! Planning is underway to begin
developing a cohesive response. We welcome all suggestions for next steps, new strategies and above
all your talent to help bring the excitement of discovery from the lab to young learners. -

Kentucky Science and Engineering Foundation
Kentucky Science and Technology Corporation

' The Kentucky Science and Engineering Foundation is supported by the Commonwealth of Kentucky under a
contract between the Council on Postsecondary Education and Kentucky Science and Technology Corporation.

© 2004 Kentucky Science and Technology Corporation Page 2



RESEARCH OVERVIEW AND IMPLICATIONS

In 2003, Kentucky Science and Technology Corporation retained Horizon Research
International to conduct an on-line survey among science teachers in public middle and high
schools across Kentucky. The study was designed to measure the awareness, familiarity, and
plans for curriculum integration of 25 scientific and technological concepts® that have been
identified as among the emerging areas of growth in the New Economy. In February 2004,
Horizon completed the survey.

ENVIRONMENTAL AND HUMAN HEALTH

BIOSCIENCES ENERGY TECHNOLOGIES AND DEVELOPMENT
Astrobiology - e —
Biomaterials Alternative Fuels Biodefense
Biotechnology Bioremediation Bioinformatics
Natural Products Fuel Cell Gene Therapy
Recombinant DNA Green Technology Genomics

A Proteomics

Stem Cells

INFORMATION TECHNOLOGY MATERIALS SCIENCE AND

AND COMMUNICATIONS

Artificial Intelligence

Algorithms Biopolymers
Data Mining Celestial Mining
E-business Nanotechnology
Intellectual Property Smart Materials
Quantum Computing

ADVANCED MANUFACTURING

These concepts were concentrated in five scientific and engineering focus areas targeted by
Kentucky which included: Biosciences, Human Health and Development, Environmental and
Energy Technologies, Information Technology and Communications, and Materials Science
and Advanced Manufacturing. Concept definitions as they were presented in the survey have
been included as an appendix to this report. o

2 Researchers, engineers, educators and business people participated in the selection of the sample of 25 scientific
- and engineering concepts.
© 2004 Kentucky Science and Technology Corporation Page 3



Overview of Findings

Responses gathered from 241 Kentucky teachers® highlighted current . N

ces . . . Concepts Being
realities regarding the penetration of these concepts in current Taught Most Often
curricula. Most notably, the results showed that only 53 percent of e
middle school teachers were currently teaching any of the concepts (t':;i“r“l')'e‘l‘lr):“'”
to their students. High school teachers, as might be expected, were Recommmfyl(um
further along, but there were still one in five who were not teaching EENIURIRE TG
any one of the concepts. As a whole, about three out of four science JESICUREZIE
teachers were teaching at least one of the 25 concepts.
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Traction Analysis

Although a discreet series of questions were asked in the survey to gauge awareness and
levels of understanding, the response to two specific questions surfaced as the best indicators
of not only the current environment, but also where potential may exist for next-step
strategies. Those two measures were:

e  Which concepts are you currently teaching?
e  Which concepts are you interested in learning more about?
To explore the relationship of these two measures, a quadrant analysis was created (see

Table A). The quadrants were defined by plotting the results of two key measures on
independent axes.

. TABLE A
For example, if a concept was currently
being taught by an above average Highest Levels Of
percentage of teachers and an above plassreom
average percentage of teachers were also pu—
interested in learning more about the
concept, then the concept would be "
plotted at point “A” in the upper right e A _
quadrant of Table A. Lowest Levels | )| Highest Levels
. Of | tin || 1| Ofinterestin
Learning More Learning More

Lowest Levels Of
Classroom
Interaction

3 The random sample of science teacher respondents was representative of middle and high schools, urban and rural
geographic locations, large and small student enrollments, and economic conditions evidenced by percent of
students receiving free and reduced lunches.
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By then evaluating each concept in terms of classroom penetration and interest, three
distinct categories emerged for classifying the concepts (see Table B).

TABLE B
Highest Levels Of
Classroom Interaction
Human Health And = T '
Development
“Traction” Concepts
Environmental And B
Energy Technologies Alternative Fuels
Information Technology Gene Therapy
And Communications E ratir sl Products
And Racombingn DA
Advanced Manufacturing I - StemCelis
Fuel Call
) Biowchnniony :
Lowest Levels Of Green Technology Highest Levels
| || Ofinterestin
Genomics Astrobiotogy Learning More
intellectual Properly Slomaterisls
Algorithms Biodefense
Bioremediation Biopolymers
Bioinformatics polym:
Data Mining - Nanotechnology
Quantum Computing Artificial intelligence
Proteomics Smart Materials
E-business Celestial Mining
“Tough selr CO@ “High Potentlal” c@
Lowest Levels Of
Classroom Interaction
- — ——

The categories are explained in further detail on the following pages for consnderatlon in
developing possible next step strategies.

When asked about their preference for receiving more information about these emerging
concepts and new technologles, the teachers acknowledged that their most preferred method
would be “using a Website.” “Written materials available by matl” was the second most
preferred channel for information distribution.

Teachers read and reference a wid'e variety of publications. As such, it will be important to
disseminate the new information using much broader strategies and not focus exclusively on

~ any one or two particular vehicles.
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“Traction” Concepts:

Higher Interest/Several

Currently Teaching

Alternative Fuels
Gene Therapy
Natural Products
Recombinant DNA
Stem Cells
Fuel Cells
Biotechnology
Green Technology

These concepts, relatively speaking, have the highest level of
current classroom integration. Teachers are also more
interested in learning about these concepts. Apparently
these topics are catching on with some teachers and have, in
some way, made their way into the classroom already. As a
result, teachers are interested in furthering their knowledge
base around these concepts so they can continue to expand
and integrate their applications in the classroom. These
concepts present the best opportunity for immediate success
since some teachers have already made the curriculum
connection and others have observed or know of their
success. As such, teachers have embraced these topics more

than others and have demonstrated an interest in taking them to another level.

“High Potential” Concepts:

Higher Interest/Few
Currently Teaching

Astrobiology
Biomaterials
Biodefense
Biopolymers
Nanotechnology
Artificial Intelligence
Smart Materials
Celestial Mining

“Tough Sell” Concepts:

Low Interest/Few
Currently Teaching

Genomics
Intellectual Property
Algorithms

Bioremediation
Bioinformatics
Data Mining
Quantum Computing
Proteomics
E-business
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This category is comprised of concepts that are of some
interest, but are not being integrated into the classroom.
Teachers are likely to see the immediate value in these
concepts and therefore integrate them into their curriculum.
However, they do not know enough about the concept
specifics to be comfortable in doing so. As a result, they are
interested in learning more - probably in the hopes of
compiling enough information to help prepare them for
teaching the ideas to their students.

These concepts are not currently being taught by teachers
and do not engender notable levels of interest for future .
investigation. Teachers probably find it difficult to see how
these concepts fit into their current curriculum. They may
see the concepts as important but have not made the
“connection” that is necessary for classroom integration.
These concepts will be the most challenging for teachers and

- will likely take significant levels of education and

demonstrated applications before an attempt will be made to
bring the ideas to their students. '
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Conclusions and Implications

These 25 concepts were met with very mixed reviews. The survey results indicate “pockets”
of concepts that offer opportunities to address the findings in a variety of ways when
communicating with the larger body of science educators.

The easiest to integrate into a broader audience will be the “Traction” concepts. Teachers
already are infusing them into the classroom and eager for more information. More teachers
are likely to be familiar with these concepts; many will understand their basic fundamentals
and some will already be teaching the concept. That said, it will be helpful to provide
educators with materials and information on howto expand their classroom integration. By
providing actionable materials, even lesson plans, Kentucky teachers may more quickly
embrace new information and take further action. For those educators who are already
discussing the concepts with their students, the materials will provide deeper and richer
alternatives for expanding on what they already recognize as important educational
fundamentals. ’

For those who are not currently teaching the concept but might like to do so, these materials
would provide them with a medium for integrating the information into their curriculums.

“High Potential” concepts will require a more informative approach. These concepts are
relatively familiar to educators, well enough to see their value from an educational
standpoint. However, their knowledge is . '

not deep enough yet to engender : Adoption Model
classroom integration. It will be —_—
important to communicate the advanced
specifics of these concepts to teachers
and help them acquire new knowledge.
At this level, it will be important to
provide teachers access to the breadth
and depth of information they might i
need for grade-appropriate integration. . - Provide Training/
This could be in the form of text books, High Potentia @ hssistance
white papers, training
programs/professional development
and/or web sites, etc. Providing them
an informational oasis will allow them to “Tough Sell” @ [entify Applications/
increase their own familiarity level first. Show Relevance

. - Encourage/Facilitate
Implementation

“Tough Sell” concepté are likely to meet
the most resistance because of the lack of awareness and thus will be difficult for teachers to

integrate into the classroom until grade appropriate applications can be made more readily
accessible. At present, science teachers have yet to identify with these concepts. .

For many teachers, just the term itself might be foreign. In this case an extensive array of
materials that identify applications in the modern world and their immediate relevance might
prove useful. Only after this is accomplished will a critical mass of teachers become
receptive to application materials. This will no doubt be the most challenging of the three

approaches.
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EXECUTIVE SUMMARY OF FINDINGS

In 2003, Horizon Research International was retained by the Kentucky Science and Technology
Corporation to conduct an on-line survey among science teachers in public middle and high
schools across Kentucky. The study was designed to measure the awareness, familiarity, and
plans for curriculum integration of 25 scientific and technological concepts that have been
identified as areas of growth in the Kentucky’s “New Economy.”

General Summary

The data from 241 interviews displayed results that were as varied as the concepts
themselves.

e General name awareness of the concepts ranged from 99% for
the more publicly covered concepts such as Stem Cells to
just 5% for lesser known areas like Proteomics.

e Seventy-nine (79) percent of these teachers were familiar
with the concept of Alternative Fuels while only 2% had that
same familiarity with Proteomics

o There were large disparities between these concepts even
when it came to classroom integration. Almost half of the
surveyed teachers (42%) were currently teaching some aspect
of Alternative Fuels. On the other hand, only 1% of these
middle and high school teachers were covering any of the
principles of Proteomics in their classrooms. '

Even with the wide range of attitudes and behaviors surrounding these concepts, more than
two out of every three teachers (69%) were currently teaching at least one of the concepts to
their students. However, only about two out of five (41%) were teaching three or more of

these concepts.

Consistently noted throughout this data is a significant difference between high school and
middle school teachers. Across all the key measures, high school teachers recorded
consistently higher ratings than their counterparts. However, this was to be expected given
the more advanced nature of high school curriculum compared to that taught in the middle

grades.

This gap was the largest when comparing current classroom integration. Where fbur out of
every five high school teachers were currently teaching one or more of these concepts, just
over half (53 percent) of middle school teachers were following that same behavior.

Summary By Discipline

While there was wide disparity between these concepts, there were clearly some
“disciplines” that, as a whole, were more recognized and integrated than others.
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e _“Environmental and Energy Technologies” and “Biosciences”
were clearly the most popular among the five disciplines.
Nearly every teacher had heard of at least one of the
concepts associated with these areas and almost half (47
percent and 46 percent respectively) were currently teaching
one or more of the associated concepts in their classroom.

e “Materials and Advanced Manufacturing” and “Information
Technology and Communications” were on the opposite end
of the integration spectrum. While most teachers had heard
of at least some of the concepts, less than one out of five
were currently teaching any of them.

e Interestingly, almost half of the teachers (45 percent)
understood at least one of the “Information Technology and
Communications” concepts well enough to teach, yet only 17
percent were currently taking advantage of their knowledge
by integrating it into their curriculum.

¢ “Human Health and Development” was the most varied of
the disciplines. This was likely due to the range of concepts
it represents. Every teacher had heard of at least one of the
discipline’s six concepts and two out of three (64 percent)
were comfortable enough to integrate one of them in their
curriculum. However, only one out of three was currently
imparting that knowledge to their students.

Summary Of Concept Awareness

. As expected, the more publicized concepts were those with the greatest awareness while the
lesser known and more technical concepts fell to the bottom in terms of awareness. This was
true of both high school and middle school teachers.

Summary of Concept Familiarity

Familiarity with the concépts mirrored the awareness data. Concepts with the highest levels
of awareness were also the most familiar among these teachers.

Also consistent with the awareness findings, high school teachers had significantly higher
levels of familiarity with most of these concepts than did middle school teachers.

Summary of Curriculum Integration

Following the established pattern, the concepts with the most familiarity were also those that
were understood well enough to be integrated into classroom study.
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These same top concepts were also the ones most likely to actually make the transition into
the classroom. However, in most cases, only about half of the teachers who were
comfortable with the concept were actually teaching it to their students.

Again, the high school teachers were more likely to be currently teaching these concepts than
were middle school instructors.

Of further note, consistent across all of these concepts, there existed a gap between comfort
and actual integration. This base of teachers felt comfortable enough to integrate the
concept’s teachings and felt the concepts were grade appropriate, however, they were not
integrating them.

RESEARCH BACKGROUND AND METHODOLOGY

Background And Objectives

Horizon Research International was retained by the Kentucky Science And Technology
Corporation (KSTC) to measure awareness and knowledge among middle and high school
teachers regarding specific concepts related to five areas of new and emerging technologies.

- o Biosciences
e Human health and development
e Environmental and energy technologies
¢ Information technology and communications

e Materials science and advanced manufacturing

The objectives of the study were clearly focused on determining:
e Awareness levels for each concept
o Familiarity, or lack there of, with each concept

e Comfort level with integrating the concepts into the
classroom

e Current or future plans for teaching these concepts to
students

¢ Interest in learning more

| e Profile of teachers by grade level taught and experience

A total of 25 concepts, selected through an extensive survey of recommendations from
scientists, engineers, educators, entrepreneurs and other businesspeople, were tested across
these five scientific areas.

© 2004 Kentucky Science and Technology Corporation Page 10



Questionnaire Design

A questionnaire was developed by Horizon Research International with consultation from
‘representatives at the Kentucky Science and Technology Corporation.

The final questionnaire was then programmed for Internet-based administration and was
hosted on Horizon Research International’s secured Internet server.

Sample Design

Several steps were taken to ensure that the interviews completed would be representative of
Kentucky’s middle and high school teachers as a whole.

A “multi-staged” probability sampling process was used to sort 462 middle and high schools in
Kentucky on the criteria below so that schools from all regions, economic situations, and of
all sizes would be included in the proper proportion.

e Region (Eastern Kentucky, Western Kentucky, and Central)
e Percent of students receiving free lunch
e Number of enrolled students

Letters were sent to 120 randomly selected schools. These letters were followed with a
phone call from trained interviewers at Horizon Research International. The contact person
at the school was asked to provide their email address. However, after a lower than
expected response rate, contact was eventually attempted with all 462 middle and high
schools.

Horizon Research International then emailed each school contact requesting the email
addresses of all science teachers. Those contacts not responding to the initial email request
were sent at least two reminder emails requesting the information again. Contacts from 121
schools provided email addresses for their science teachers - a total of 602 teachers. A
complete sample disposition has been included in the full report.

A total of 241 teachers eventually completed the survey. In order to ensure these 241
teachers were representative of all middle and high schools in Kentucky, the data was
weighted to the actual proportion of the criteria initially used to stratify the sample - (region,
total enrollment, and percent of students on free and reduced lunch).

A sophisticated data tabulation software was then used to tabulate the data and analyze the
results. ' :
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SUMMARY TABLES (TOTAL RESULTS)

Percent Of Teachers Aware Of Concept

|109‘/o|

Stem Cells (99%) —————

Alternative Fuels (89%) ———

Biaechnolopy (83%) —\{.

Fuel Cell (78%) TN

Biodefense (70%) —————

E-husiiess (62%) ————
fannpierinh (58%) — N\

%ug m%?}ix??iﬁ_iﬁ’ (B1%) =\

Green Technology (42%) ———\

Cosnium Cemputing (28%) = \J

Bioremediation (24%) —"\J

Bioinformatics (12%) ——————

" Gene Therapy (93%)
| artificial tutelligenre (88%)

| — Nutwral Products (79%)
/ Hevamsbinant HNA (T7%)

|~ Algorithms (68%)

|~ Nanotechnology (60%)

Ve Genomics (54%)

Biopolymers (50%)

— Smart Materials (41%)
| —— intelliectual Property (36%)

|~~~ Celestial Mining (27%)
| Daia Mining (22%)

|~ Proteomics (5%)

I‘o"/u l
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Biosciences

Human Health And

Development

Environmental And
Energy Technologies

Information Technology
And Communications

Materials Science And
Advanced Manufacturing

Base = (241)
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Percent Of Teachers Familiar With Concept*

l 160% | Biosciences

Human Heaith And B
Development

Environmental And
B

Energy Technologies
termative Fucls (79% Information Technology
Alternative Fuels (79%) N, —— stem Celts (18%) And Co_mmunications

Gene Therapy (74%) — N\ A MaterialasnSc:‘efnce And -
dvanced Manufacturing

L Artificial intelligence (64%)

fpturad Product (61%) ———
Bintechnuiog, Revembinunt DNA (58%
Fuel Cell (57%) ———— B e

Biodefense (43%) ——_\/ Fehusiness (42%)

Abgurithys (34%) Nanotechnology (33%)
HBismaieriai (32%) —

Genomics 30%) — Green Technology (31%)
% Astrelaiony (27%)
L injullectual Property, Biopolymers (24%)

Smart Materials (26%) ————

Bioremediation (14%) N Cuantun Computing, Data Mising, Celestial Mining (13%)

Bioinformatics (6%) — N

- Proteomics (2%)
| 0% |

* Summary of “extremely/very/somewhat familiar” with concept.

Base = (241)
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Percent Of Teachers That Understand Concept

I 100% l

Alternative Fuels (70%) ———

Stem Cells (47%) ——————_

BN A (2%) N\
s (40%) TN\

Green Technology (24%) RE——
fnteblectual Proporty (19%) =N\

Biomaperish (15%) 7N
Smart Materials (12%) = ~\J

Celestia! Mining (8%) —\
Bioinformatics (4%) ———

Biosciences

Human Health And

Development

Environmental And
Energy Technologies

Information Technology
And Communications

Materials Science And
Advanced Manufacturing

L Fuel Cell, “aturat Prodnots (41%)

L Artificis! Intellipenee (27%)

| Biodefense (23%)

| — Astrubriolagy, E-business (20%)
e Nanotechnology (18%)

L Algoritiuns, Biopolymers (16%)
Genomics (14%)

|~ Bioremediation (11%)

|~ Datz Mining (6%)
| Quantum Computing 3%)

Proteomics (1%) — N\

|o%|.'
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Percent Of Teachers Currently Teaching Concept

I 100% I Biosciences |

‘Human Health And BE
Development

Environmental And B
Energy Technologies

Information Technology
And Communications

Materials Science And )
Advanced Manufacturing

Alternative Fuels (42%) ————

/———,‘\mzzmi Praguciy, Ko embinant Yy (25%)
| ———————Fuel Cell (21%)

Gene Therapy (26%) ————
Stem Cells (24%) —\

Hiatechnoiogy (18%) =

|~ Green Technology (13%)

{635 (9%) | —————Genomics (8%)
Algorithiss, Biodefense, Biopolymers, intuilectual \ /—Arsiﬁﬁat fnieltizence (6%)

Property, Nanotechnology (7%) [ Bioremediation, Smart Materials (5%)
/———Celestial Mining 3%) i

Bioinformatics, ata Mining 2%) ™ |~ E-~Business, Proteomics, Quantum Camputing (1%)

Sstynhiniogy, i

Base = (241)
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Percent Of Teachers Who Want To Learn More About Concept

!lﬂo%l

Biosciences

Human Health And )
Development

Environmental And B
Energy Technologies

Information Technology
And Communications

Materials Science And -
Advanced Manufacturing

50%
Alternative Fuels (48%) ————] 5 . .
|~ Fuel Cell (47%)

Gene Therapy (429
ene Therapy (2%) ————{ _______ Stem Cells 41%)

Saprabishiy (39%)——\ Celestial Mining, * ol Pestuets GT%
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| — Smart Materials (35%)
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| ———— Biopolym A

Biomaicsiis, Nanotechnology (30%) ————— Recombinant DA (28%)
j . ‘ pany R
Genomics (27%) ” ) o °
N/ Bioremediation (26%)
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| — Febusiness (12%)
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PREFERRED METHODS OF CONTACT FOR
INFORMATION ON EMERGING CONCEPTS AND

NEW TECHNOLOGIES
TOP RESPONSES*
Written Materials %
Ava'i::bnle I:;GM:iI
- (o]

A Specisl
Conference Or
Seminar
In-service

Programs At
My School

0% 20% 40% 60% 80% 100%

Base = (229)
‘Willing To Receive

Information That Way
But Not Most Preferred

E Most Preferred Method

“*Among these who wonid be interested in learning more about at least one of the concepts.

INTERNET USAGE FOR ADDITIONAL
INFORMATION ABOUT SUBJECTS BEING
TAUGHT

Two To Three

Times A Week
39%

Once A Day
10%

Once A Week

Several Times 18%

A Day
12%

Never
1% Less Than Once

A Week
20%

Base = (241)
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RESPONDENT PROFILE

SCIENCE SUBJECTS TAUGHT - TOP
RESPONSES

Summary Of “Yes”

Chemistry ) 60 ",,
Biology
Physics

Geology
Astronomy

Geography

Integrated Science/
eneral Science
Computer
Technology -l

Earth Science

Anatomy

Engineering

0% 10% 20% 30% 40% S0% 60% 70% 80% 90% 100%

Base = (241)

RESPONDENT PROFILE J

Total -
(%)
GENDER
Male 31
Female 69
GRADE(S) TAUGHT
Sixth 14
Seventh 19
Eighth 17
Ninth 37
Tenth 40
Eleventh 44
i Twelfth 43
YEARS TEACHING
Less Than A Year 4
One To Three Years 10
Three To Five Years 11
Five To Ten Years 23
Ten Years Or More 51
Mean = . [10.0}
YEARS TEACHING SCIENCE-
BASED CURRICULUM
 Less Than A Year 8
One To Three Years ) 10
Three To Five Years 16
Five To Ten Years 23
Ten Years Or More 43
Mean = [9.1 Years}
AVERAGE RANGE OF STUDENTS
PER CLASS DURING NORMAL DAY
Minimum 20 Students
Maximum 29 Students
Base= (241)
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TEACHER SURVEY CONCEPT DEFINITIONS
Biosciences (5)

Astrobiology; Biomaterials; Biotechnology; Natural Products; Recombinant DNA

Human Health & Development (6)

Biodefense; Bioinformatics; Gene Therapy; Genomics; Proteomics; Stem Cells

Environmental & Energy Technologies (4
Alternative Fuels; Bioremediation; Fuel Cell; Green Technology

Information Technology & Communications (6)

Algorithms; Artificial Intelligence; Data Mining; E-Business; Intellectual Property;
Quantum Computing

Materials Science & Advanced Manufacturing (4)

Biopolymers; Celestial Mining; Nanotechnology; Smart Materials

CONCEPT DEFINITIONS

Algorithms: A finite set of step-by-step instructions for problem-solving or computational procedures,
especially ones that can be implemented by a computer.

Alternative Fuels: Study of alternative ways to produce energy for both stationary (e.g., power plant) and
non-stationary (e.g., automobiles & aircraft) applications. Alternate fuel sources include wind and solar
power and hydrogenated biofuels, such as fuel cells. Ethanol can be produced from grains, agricultural
wastes and excess crops. The alternatives are promoted for pollution reduction properties and/or to
reduce U.S. dependence on the imported oil.

Artificial Intelligence: Computers and hardware that can make intelligent decisions based on sensory
feedback. -

Astrobiology: The scientific study of life in the universe - its origin, evolution, distribution, and future. This
multidisciplinary field brings together the physical and biological sciences to address some of the most
fundamental questions of the natural world: How do living systems emerge? How do habitable worlds
form and how do they evolve? Does life exist on worlds other than Earth? How could terrestrial life
potentially survive and adapt beyond our home planet?

Biodefense: Knowledge and understanding gained through genomics and proteomics leveraged to
protect humans and animals against the intentional use of pathogens (bioterrorism) by detecting,
identifying and assessing pathogens.

Bioinformatics: Use of computers in biology-related sciences to organize, interpret, and predict
biological structure and function. Biocinformatics is usually applied in the context of analyzing DNA
sequence data. o

Biomaterials: Synthetic or natural materials that can replace or augment tissues, organs or body
functions.

Biopolymers: Polymeric material produced from or by biological sources, for example, biodegradable
plastics, that are synthesized by living organisms. :
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Bioremediation: The process by which living organisms act to degrade or transform hazardous organic
contaminants.

. Biotechnology: The use of micro-organisms, live plant or animal cells or their parts to create new
products or to carry out biological processes aimed at genetic improvement for the benefit of people.

Celestial Mining: The search for, excavation and processing of essential elements and materials on
extra-terrestrial bodies (planets, asteroids, etc.).

Data Mining: The process of extracting and refining useful knowledge from large databases.

E-Business: The process of doing business with trading partners electronically. This includes
electronically processing business transactions, integrating business processes, transferring payments,
and delivering services.

Fuel Cell: A device for generating electrical energy directly from chemical energy. It differs from a battery
in that the chemicals are not stored in the cell. Rather, they are fed into it as power is needed. In most
fuel cells, hydrogen is combined with oxygen

Gene Therapy: Introducing a normal, functional copy of a gene into a cell for the purpose of correcting
defective, disease causing genes.

Genomics: The study of an organism'’s full complement of genes to enable understanding of the genes
and their expression using powerful computer technologies.

Green Technology: The ability to do an industrial process with less environmental damage.

Intellectual Property: An invention that provides rights for use to an individual, group of inventors, or to

an organization to exclude imitations from the market for a limited time. :

Nanotechnology: Technology that allows development and use of materials or structures that have a
size of less than 200 nanometers. Production of devices on this small of a scale saves space and
resources, resulting in improved efficiency and processing speed.

Natural Products: Chemical compounds, naturally produced in plants or by microbial species that are
harvested for use in health care and drug development.

Proteomics: The study of the totality of proteins in an organism. Proteins are the building blocks of
genes and studying their form and function with the aid of supercomputers complements the scientific
advances being made by the mapping of Genomes. ' '

Quantum Computing: A fundamentally new mode of information processing (still in development) that
can be performed only by harnessing physical phenomena unique to quantum mechanics (especially
quantum interference), with performance, potentially, billions of times faster than today’s most powerful

supercomputer. -

Recombinant DNA: DNA that has been altered by joining genetic material from two different sources to
study the expression of a gene.

Smart Materials: Materials that have imbedded sensors and actuators so that they can sense and react
to their environment. '

Stem Cells: Cells that, given proper growth conditions, can proliferate with aimost unlimited potential,
maintaining a pool of growing and dividing cells that have the ability to differentiate into a number of
different cell types with specific biological functions.
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ABOUT BENCHMARKS

The terms and circumstances of human existence can be expected to change radically
during the next human life span. Science, mathematics, and technology will be at the center
of that change--causing it, shaping it, responding to it. Therefore, they will be essential to
the education of today’s children for tomorrow’s world.

What should the substance and character of such education be?

The purpose of this report is to propose an answer to that question.

That was how Science for All Americans (SFAA), the first Project 2061 publication, identified itself.
Now, four years later, those words serve equally well to introduce Benchmarks for Science Literacy, a
companion report. SFAA answers the question of what constitutes adult science literacy, recommending
what all students should know and be able to do in science, mathematics, and technology by the time
they graduate from high school. Benchmarks specifies how students should progress toward science
literacy, recommending what they should know and be able to do by the time they reach certain grade
levels. Together, the two publications can help guide reform in science, mathematics, and technology

education.

About Project 2061

Project 2061°s benchmarks are statements of what all students should know or be able to do in science,
mathematics, and technology by the end of grades 2, 5, 8, and 12. The grade demarcations suggest
reasonable checkpoints for estimating student progress toward the science literacy goals outlined in
SFAA. 1t is important to view the benchmarks in the context of the following Project 2061 premises

. concerning curriculum reform:

e Project 2061 promotes literacy in science, mathematics, and technology in order to help people
live interesting, responsible, and productive lives. In a culture increasingly pervaded by science,
mathematics, and technology, science literacy requires understandings and habits of mind that
enable citizens to grasp what those enterprises are up to, to make some sense of how the natural
and designed worlds work, to think critically and independently, to recognize and weigh
alternative explanations of events and design trade-offs, and to deal sensibly with problems that
involve evidence, numbers, patterns, logical arguments, and uncertainties.

e Curriculum reform should be shaped by our vision of the lasting knowledge and skills we want
students to acquire by the time they become adults. This ought to include both a common core of
learning--the focus of Project 2061--and learning that addresses the particular needs and interests

of individual students.

¢ If we want students to learn science, mathematics, and technology well, we must radically reduce
the sheer amount of material now being covered. The overstuffed curriculum places a premium on
the ability to commit terms, algorithms, and generalizations to short-term memory and impedes
the sncqmcmnn nfnnriercmndmo
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e Goals should be stated so as to reveal the intended character and sophistication of learning to be
sought. Although goals for knowing and doing can be described separately, they should be learned
together in many different contexts so that they can be used together in life outside of school.

e The common core of learning in science, mathematics, and technology should center on science
literacy, not on an understanding of each of the separate disciplines. Moreover, the core studies
should include connections among science, mathematics, and technology and between those areas
and the arts and humanities and the vocational subjects.

o Common goals do not require uniform curricula, teaching methods, and materials. Project 2061 is
developing tools to enable teachers to design learning experiences for students that take into
account state and district requirements, student backgrounds and interests, teacher preferences,
and the local environment.

o Reform must be comprehensive and long-term, if it is to be significant and lasting. It must center
on all children, all grades, and all subjects. In addition, it must deal interactively with all aspects
of the system--curriculum, teacher education, the organization of instruction, assessment,
materials and technology, policy, and more. All of which takes time.

Characterizing Benchmarks

Benchmarks for Science Literacy is consistent with the above premises, but is sufficiently different in
content, purpose, and style from other reform reports to require some clarification.

o Benchmarks is a report from a cross-section of practicing educators. In 1989, six school-
district teams were formed in different parts of the nation to rethink the K-12 curriculum and
outline alternative ways of achieving the literacy goals of SFAA. Each team, backed by
consultants and Project 2061 staff, was made up of 25 teachers and administrators and cut across
grade levels and subjects. Working together over four summers and three academic years, the
teams developed a common set of benchmarks. Drafts of Benchmarks were critiqued in detail by
hundreds of elementary-, middle-, and high-school teachers, as well as by administrators,
scientists, mathematicians, engineers, historians, and experts on learning and curriculum design.
Chapter 13: The Origin of Benchmarks, describes the process in greater detail.

e Benchmarks is different from a curriculum, a curriculum framework, a curriculum design,
or a plan for a curriculum. It is a tool to be used by educators in designing a curriculum that
makes sense to them and meets the standards for science literacy recommended in SFAA.
Moreover, Benchmarks does not advocate any particular curriculum design. Far from pressing for
one way of organizing instruction, Project 2061 pursues a reform strategy that will lead eventually
to greater curriculum diversity than is common today.

e Benchmarks is a compendium of specific science literacy goals that can be organized
however one chooses. As in most reference works, chapter order is unrelated to the relative
importance of the benchmarks. Chapter 1 does not set the tone for all those that follow, nor does
Chapter 12 culminate all that came before. Indeed, Project 2061 expects that benchmarks from the
latter will appear in combination with those from various other chapters in most curriculum units
that address science literacy goals. A version of Benchmarks on a computer disk will enable users
to assemble benchmarks from various chapters into cogent sets.
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e Benchmarks specifies thresholds rather than average or advanced performance. It describes
levels of understanding and ability that all students are expected to reach on the way to becoming
science-literate. A well-designed curriculum will provide students with the help and
encouragement they need to meet those standards.

e Benchmarks concentrates on the common core of learning that contributes to the science
literacy of all students. It does not spell out all of the science, mathematics, and technology goals
that belong in the K-12 curriculum. Most students have interests, abilities, and ambitions that
extend beyond the core studies, and some have learning difficulties that must be taken into

account.

e Benchmarks avoids technical language used for its own sake. The number of technical terms
that most adults must understand is relatively small. Accordingly, the 12th-grade benchmarks use
only those technical terms that ought to be in the vocabulary of science-literate people. The
language in the benchmarks for earlier grades is intended to signal the nature and sophistication of
understandings to be sought. The Project 2061 analysis of these and other issues is summarized in
Chapter 14: Issues and Language.

o Benchmarks sheds only partial light on how to achieve the goals it recommends. Deliberately.
The means for realizing the ends listed in Benchmarks will be discussed in other Project 2061
materials. Although Benchmarks includes some commentary on aspects of instruction, that
commentary is to clarify the meaning and intent of the benchmarks, not to present a systematic
and detailed program of instruction.

e Benchmarks is informed by research. Research on students’ understanding and learning bears
significantly on the selection and grade placement of the benchmarks. Project 2061 surveyed the
relevant research literature in the English language (and some in other languages) in search of
solid findings on which to base benchmark decisions. The findings are discussed in Chapter 15:
The Research Base.

e Benchmarks is a developing product. It will undergo periodic updates as more research on
learning becomes available and as users of Benchmarks report their experiences. One of the
important responsibilities of the Project 2061 school-district sites is to suggest revisions of
Benchmarks based on their analysis of ongoing research and user recommendations.

‘e Benchmarks is but one of a family of tools being designed by Project 2061. To help educators
bring about fundamental, lasting reform, Benchmarks and SFAA will be joined by other products.
Designs for Science Literacy will describe Project 2061 models and curriculum blocks and will
outline principles for configuring Project 2061 curricula. Resources for Science Literacy will be a
continually updated database of outstanding learning and teaching materials suitable for curricula
based on Project 2061 principles. Blueprints for Reform will recommend changes in the education
'system needed to make innovative K-12 curriculum reforms possible. A computerized curriculum-
design and resource system is being developed to incorporate all of the Project 2061 products and
link them interactively to each other and to educational resources. For more on this, see Chapter
16: Beyond Benchmarks.

e Benchmarks is a companion for SFAA, not a substitute. SFAA presents a vision of science
literacy goals for all students to reach by the time they finish the 12th grade, and Benchmarks
maps out the territory that students will have to traverse to get there. SFA4 emphasizes cogency
and connectedness. Benchmarks emphasizes analysis of the SFAA story into components and their
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sequence. In grades 9-12, where building coherence and connections becomes the main task, no
list of components would be adequate to represent science literacy. (Indeed, not all of the detailed
ideas in SFAA are represented in Benchmarks.) At the 9-12 level, therefore, reference to SFAA is
more than ever necessary for a complete picture of science literacy, which the 9-12 Benchmarks
only, approximate. So, when working with Benchmarks, be sure to have a copy of SFAA at hand.

1

Using Benchmarks

Benchmarks was prepared as a tool to be used, along with SFA4, by everyone engaged in state or local
efforts to transform learning in science, mathematics, and technology. The following suggestions for
using Benchmarks came from Project 2061 team members, consultants, and staff, and from individuals
who have seen prepublication draft versions of Benchmarks:

Study groups of teachers, administrators, school board members, parents, interested citizens, and,

- whenever possible, scientists, engineers, and mathematicians can use Benchmarks to explore the

concept of science literacy in relation to instruction in the early elementary, upper elementary,
middle-, and high-school grades.

Cross-grade, cross-subject committees of teachers and curriculum specialists can use Benchmarks
to gauge how well a K-12 curriculum or curriculum framework (state or local) addresses
education for science literacy. Such an analysis can also lead to suggestions for making immediate
and long-term curriculum and course improvement.

Developers of instructional materials can use Benchmarks to guide the creation of materials to
support the work of teachers who are trying to foster science literacy for all students. Similarly,
test writers can use Benchmarks to develop grade-level materials and techniques for assessing
student progress toward science literacy.

Other reform efforts may find Benchmarks useful in supporting their work, just as Project 2061
has relied on so many of them for ideas and information. The federal programs that drew heavily
on SFAA, such as the Statewide Systemic Initiatives (National Science Foundation), the |
Eisenhower Science and Mathematics Initiative (Department of Education), and the National
Assessment of Educational Progress, have indicated that they intend also to use Benchmarks.

Universities and colleges that prepare elementary- and secondary-school teachers can use
Benchmarks to supplement SFAA. Whereas SFAA explores the concept of science literacy in
general, Benchmarks raises issues closer to the realities of curriculum and instruction.

Researchers can use Benchmarks to identify important topics for investigation. Such topics might
include studies on the grade-level placement of benchmarks, the relationship between benchmarks
and their precursors, effective ways to group benchmarks into instructional units, how to assess
student progress toward science literacy, and how to evaluate learning materials and techniques
used in support of the benchmarks.

Copyright © 1993 by American Association for the Advancement of Science
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3. THE NATURE OF TECHNOLOGY ' esea

A. Technology and Science
Kindergarten through Grade 2
Grades 3 through 5
Grades 6 through 8
Grades 9 through 12
B. Design and Systems
Kindergarten through Grade 2
Grades 3 through 5
Grades 6 through 8
Grades 9 through 12
C. Issues in Technology
Kindergarten through Grade 2
Grades 3 through 5 '
Grades 6 through 8
Grades 9 through 12
|
As long as there have been people, there has been technology. Indeed, the
techniques of shaping tools are taken as the chief evidence of the beginning of
“human culture. On the whole, technology has been a powerful force in the
development of civilization, all the more so as its link with science has been
forged. Technology-like language, ritual, values, commerce, and the arts-is an
intrinsic part of a cultural system and it both shapes and reflects the system's
values. In today's world, technology is a complex social enterprise that includes
not only research, design, and crafts but also finance, manufacturing,
management, labor, marketing, and maintenance.

In the broadest sense, technology extends our abilities to change the world: to
cut, shape, or put together materials; to move things from one place to another;
to reach farther with our hands, voices, and senses. We use technology to try to
change the world to suit us befter. The changes may relate to survival needs
such as food, shelter, or defense, or they may relate to human aspirations such
as knowledge, art, or control. But the results of changing the world are often
complicated and unpredictable. They can include unexpected benefits,
unexpected costs, and unexpected risks-any of which may fall on different social
groups at different times. Anticipating the effects of technology is therefore as
important as advancing its capabilities.

Science for All Americans

In the United States, unlike in most developed countries in the world, technology as a subject
has largely been ignored in the schools. It is not tied to graduation requirements, has no fixed
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place in elementary education, is absent altogether in the college preparatory curriculum, and
does not constitute part of the content in science courses at any level.

" However, that situation is now changing. There is growing awareness that technology works in
everyday life to shape the character of civilization. Design projects are becoming more evident
in the elementary grades, and the transformation of industrial arts and other subjects into
technology education is gaining momentum. And the Science-Technology-Society (STS)
emphasis in the curriculum is gaining adherents.

The task ahead is fo build technology education into the curriculum, as well as use technology
to promote learning, so that all students become well informed about the nature, powers, and
limitations of technology. As a human enterprise, technology has its own history and identity,
quite apart from those of science and mathematics. In history, it preceded science and only
gradually has come to draw on science-knowledge of how the natural world works-to help in
controlling what happens in the world. In modern times, te‘chnology has become increasingly
characterized by the interdependent relationships it has with science and mathematics. The
benchmarks that follow suggest how students should develop their understanding of these

relationships.

This chapter presents recommendations on what knowledge about the nature of technology is
required for scientific literacy and emphasizes ways of thinking about technology that can
contribute to using it wisely. Chapter 8: The Designed World presents principles relevant to
some of the key technologies of today's world. Chapter 10: Historical Perspectives, includes a
discussion of the Industrial Revolution. Chapter 12: Habits of Mind includes some skills

relevant to participating in a technological world.

A. Technology and Science

Technology is an overworked term. It once meant knowing how to do things-the practical arts
or the study of the practical arts. But it has also come to mean innovations such as pencils,
television, aspirin, microscopes, etc., that people use for specific purposes, and it refers to
human activities such as agriculture or manufacturing and even to processes such as animal
breeding or voting or war that change certain aspects of the world. Further, technology
sometimes refers to the industrial and military institutions dedicated to producmg and using
inventions and know-how. In any of these senses, technology has economic, social, ethical,
and aesthetic ramifications that depend on where it is used and on people s attitudes toward its

use.

Sorting out these issues is likely to occur over many years as students engage in design and
technology activities. First, they must use different tools to do different things in science and to
solve practical problems. Through design and technology projects, students can engage in
problem-solving related to a wide range of real-world contexts. By undertaking design projects,
students can encounter technology issues even though they cannot define technology. They
should have their attention called to the use of tools and instruments in science and the use of
practical knowledge to solve problems before the underlying concepts are understood.

Kindergarten through Grade 2
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Young children are veteran technology users by the time they enter school. They ride in
automobiles, use household utilities, operate wagons and bikes, use garden tools, help with
the cooking, operate the television set, and so on. Children are also natural explorers and
inventors, and they like to make things. School should give students many opportunities to
examine the properties of materials, to use tools, and to design and build things. Activities
should focus on problems and needs in and around the school that interest the children and
that can be addressed feasibly and safely.

The task in these grades is to begin to channel the students' inventive energy and to increase
their purposeful use of tools and-in the process-broaden their understanding of what
constitutes a tool (a container, paper and pencil, camera, magnifier, etc.). Design and
technology activities can be used to introduce students to measurement tools and techniques
in a natural and meaningful manner. For example, five-year-olds have little trouble in designing
and making things for their teddy bears built to an appropriate scale. Measurements should
deal with magnitudes that are comprehensible to children of this age, which excludes, for
example, the circumference of the earth or the diameter of a microbe.

By the end of the 2nd grade, students should know that

» Tools are used to do things better or more easily and to do some things that
could not otherwise be done at all. In technology, tools are used to observe,
measure, and make things.

« When trying to build something or to get something to work better, it usually 4
helps to follow directions if there are any or to ask someone who has done it
before for suggestions.

 Grades 3 through &

These years should build on the previous ones by increasing the soph:stlcatlon of the design
projects that students undertake. This approach entails students' increasing their repertoire of
tools and techniques and improving their skills in measurement, calculation, and
communication. Activities calling on the use of instruments such as microscopes, telescopes,
cameras, and sound recorders to make observations and measurements are especially
important for reinforcing the importance of the dependence of science on technology. Just as
important, students should develop skill and confidence in using ordinary tools for personal,
everyday purposes.

Students should begin now to write about technology, particularly about how technology helps
people. Most of the complexities of the social consequences of the use of technology can wait,
but students should begin to consider alternative ways of doing something and compare the
advantages and disadvantages.

By the end of the 5th grade, students should know that

» Throughout all of history, people everywhere have invented and used tools. Most
tools of today are different from those of the past but many are modifications of
' very ancient tools.
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« Technology enables scientists and others to observe things that are too small or
too far away to be seen without them and to study the motion of objects that are

moving very rapidly or are hardly movmg at all

. Measurmg instruments can be used to gather accurate information for making
scientific comparisons of objects and events and for designing and constructing

thmgs that will work properly.

. Techna?ogy extends the abthty of people to change the world: to cut, shape, or
put together materials; to move things from one place to another; and to reach
farther with their hands, voices, senses, and minds. The changes may be for
survival needs such as food, shelter, and defense, for communication and
transportation, or to gain knowledge and express ideas.

Grades 6 ihroagh 84

Students can now develop a broader view of technology and how it is both like and unlike
science. They do not easily distinguish between science and technology, seeing both as trying
to get things (including experiments) fo happen the way one wants them fo. There is no need
to insist on definitions, but students' attention can be drawn to when they are clearly trying to
find something out, clearly trying to make something happen, or doing some of each.

Furthermore, as students begin to think about their own possible occupations, they should be
introduced to the range of careers that involve technology and science, including engineering,
architecture, and industrial design. Through projects, readings, field trips, and interviews,
students can begin to develop a sense of the great variety of occupations related to technology

and to science, and what preparation they require.

By the end of the 8th grade, students should know that

 In earlier times, the accumulated information and techniques of each generation
of workers were taught on the job directly to the next generation of workers. -
Today, the knowledge base for technology can be found as well in libraries of
print and electronic resources and is often taught in the classroom

e T echnology is essential to science for such purposes as access to outer space
and other remote locations, sample collection and treatment, measurement, data
collection and storage, computatlon and communication of mformatlon .

. Engmeers, architects, and others who engage in desngn and technology use
scientific knowledge to solve practical problems. But they usually have to take
human values and limitations into account as well.

Grades 9 through 12

In addition to participating in major design projects to deepen their understanding of
technology, students now should be helped to develop a richer sense of the relatlonshnps
linking technology and science. That can come from reflection on the project experiences and
from a study of the history of science and technology. Certain episodes in the history of
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science illustrate the importance of technology to science and the difficulty of clearly
separating science and technology. The Industrial Revolution is espec:ally important in this

regard.

By the end of the 12th grade, students should know that

« Technological problems often create a demand for new scientific knowiedge, and
new technologies make it possible for scientists to extend their research in new
ways or to undertake entirely new lines of research. The very availability of new
technoiogy itself often sparks scientific advances.

. Mamematics, creativity, logic and originality are all needed to improve
tech'n‘otog'y

. ‘Technahagy usually affects society more directly than science because it solves
practical problems and serves human needs (and may create new problems and
needs). In contrast, science affects society mainly by stimulating and satlsfymg
people’s curiosity and occaslonally by enlarging or challenging their views of

"~ what the world is like.

B. Design and Systems 5

Engineering is the professional field most closely, or at least most deliberately, associated with
technology. Engineers solve problems by applying scientific principles to practical ends. They
design instruments, machines, structures, and systems to accomplish specified ends, and
must do so while taking into account limitations |mposed by time, money, law, morality,
insufficient information, and more. In short, engineering has Iargely to do with the design of
technological systems

Perhaps the best way to become famlhar with the nature of engineering and design is to do
some. By participating in such activities, students should learn how to analyze situations and
gather relevant information, define problems, generate and evaluate creative ideas, develop
their ideas into tangible solutions, and assess and improve their solutions. To become good
problem solvers, students need to develop drawing and modeling skills, along with the ability to
record their analyses suggestions and results in clear language

Gradually, as students particapate in more sophxstxcated pro;ects they will encounter

~ constraints and the need for making trade-offs. The concept of trade-off in technology-and
more broadly in all social systems-is so important that teachers should put it into as many

problem-solvmg contexts as possible. Students should be explicit in their own proposals about

what is being traded off for what. They should learn to expect the same of others who propose

technical, economic, or political solutions to problems.

Feedback should be another main concept learned in the study of technological systems.
Students are likely to encounter it often in biology, physiology, politics, games, conversation,
and even when operating tools and machines. Students should also learn that technologies
always have side effects and that all technological systems can fail. These ideas can be
introduced in simple form early and gradually become more prominent in the upper grades.
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Just as with trade-off and feedback, these new concepts should be encountered in a variety of
contexts. Daily newspapers provide an inexhaustible supply of examples to analyze.

Kindergarten through Grade 2 L

Children should design and make things with simple tools and a variety of materials. They
should identify a need or opportunity of interest to them, and then plan, design, make,
evaluate, and modify the design with appropriate help. They might need help identifying
problems that are both interesting to them and within their capabilities. After they gain
experience working through one problem, they may find their next design project easier and
feel more confident about trying it.

One design consideration to be introduced right away is constraints. Safety, time, cost, school

_pohcy, space, availability of materials, and other realities restrict student projects. Teachers

can point out that adults also face constraints when they des:gn things, and that the real
challenge, for adults or children, is to devise solutions that give good results in spite of the
restrictions. In the early grades children may be inclined to go with their first design notion with
little patience for testmg or revision. Where possible, they should be encouraged to improve
their ideas, but it is more important that they develop confidence in their ability to think up and
carry out design projects. When their projects are complete, students can tell what they like

about one another's designs.

By the end of the 2nd grade, students should know that

o People may not be able to actually make or do everything that they can design.

Grades 3 through §

Students should become increasingly comfortable with developing designs and analyzing the
product: "Does it work?" "Could | make it work better?" "Could | have used better materials?"
The more experience students accrue, the less direct guidance they need. They should realize
early that cooperative efforts and individual initiative are valuable in spotting and ironing out
design glitches. They should begin to enjoy challenges that require them to clarify a problem,
generate criteria for an acceptable solution, suggest possible solutions, try one out, and then
make adjustments or start over with a newly proposed solution.

As students undertake more extensive design projects, emphasis should be placed on the
notion that there usually is not one best design for a product or process, but a variety of
alternatives and possibilities. One way to accomplish this goal is to have several groups design
and execute solutions to the same problem and then discuss the advantages and
disadvantages of each solution. Ideally, the problems should be "real” and engaging for the

students.

By the end of the 5th grade, students should know that

e Thereis no pérfect design. Designs that are best in one respect (safety or ease of
use, for example) may be inferior in other ways (cost or appearance). Usually
some features must be sacrificed to get others. How such trade-offs are received
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depends upon which features are emphasized and which are down-played.

« Even a good design may fail. Sometimes steps can be taken ahead of time to
reduce the likelihood of failure, but it cannot be entirely eliminated.

o The solution to one problem may create other problems.

sy

Grades 6 through 8

An idea to be developed in the middie grades is that complex systems require control
mechanisms. The common thermaostat for controlling room temperature is known to most
students and can serve as a model for all control mechanisms. But students should explore
how controls work in various kinds of systems-machines, athletic contests, politics, the human
body, learning, etc. At some point, students should try to invent control mechanisms, which
need not be mechanical or electrical, that they can actually put into operation.

The concept of side effects can be raised at this time, perhaps by using actual case studies of
technologies (antibiotics, automobiles, spray cans, etc.) that turned out to have unexpected
side effects. Students should also meet more interesting and challenging constraints as they
work on design projects. Also, students should become familiar with many actual examples of
how overdesign and redundancy are used to deal with uncertainty.

By the end of the 8th grade, students should know that

» Design usually requires taking constraints into account. Some constraints, such
as gravity or the properties of the materials to be used, are unavoidable. Other
constraints, including economic, political, social, ethical, and aesthetic ones,
limit choices. .

» All technologies have effects other than those intended by the design, some of
which may have been predictable and some not. In either case, these side effects
may turn out to be unacceptable to some of the population and therefore lead to
conflict between groups.

o Almost all control systems have inputs, outputs, and feedback. The essence of
control is comparing information about what is happening to what people want to
happen and then makmg appropnate adjustments. This procedure requires
sensing informatlon, processing it, and making changes. In almost all modern
machines, mlcroprocessors serve as centers of performance control.

o Systems fail because they have faulty or poorly matched parts, are used in ways
that exceed what was intended by the design, or were poorly designed to begin
with. The most common ways to prevent failure are pretesting parts and
procedures, overdesign, and redundancy.

" Chapter
Grades 9 through 12  Contents -

| Adequate time should be spent fleshing out the concepts of resources (tools, materials,

energy, information, people, capital, time), systems, control, and impacts introduced in earlier
grades. Students should also move to higher levels of critical and creative thinking through
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progressively more demanding design and technology work. They need practice as individuals
and as members of a group in developing and defining ideas using drawings and models.

New concepts to be introduced in high school include risk analysis and technology
assessment. Students should become aware that designed systems are subject to failure but
that the risk of failure can be reduced by a variety of means: overdesign, redundancy, fail-safe
designs, more research ahead of time, more controls, etc. They should also come to recognize
that these precautions add costs that may become prohibitive, so that few designs are ideal.

- Because no number of precautions can reduce the risk of system failure to zero, comparing

the estimated risks of a proposed technology to its alternatives is often necessary. The choice,
usually, is not between a high-risk option and a risk-free one, but comes down to making a
trade-off among actions, all of which involve some risk.

Students should realize that analyzing risk entails looking at probabilities of events and at how
bad the events would be if they were to happen. Through surveys and interviews, students can
learn that comparing risks is difficult because people vary greatly in their perception of risk,
which tends to be influenced by such matters as whether the risk is gradual or instantaneous
(global warming versus plane crashes), how much control people think they have over the risk
(cigarette smoking versus being struck by lightning), and how the risk is expressed (the
number of people affected versus the proportion affected).

\

By the end of the 12th grade, students should know that

o In designing a device or process, thought should be given to how it will be
~ manufactured, operated, maintained, replaced, and disposed of and who will sell,
- operate, and take care of it. The costs associated with these functions may
introduce yet more constraints on the design.

o The value of any given technology may be different for different groups of people
and at different points in time.

o Compléx»systems have layers of controls. Some controls operate particular parts
of the system and some control other controls. Even fully automatic systems
require human control at some point.

« Risk analysis is used to minimize the likelihood of unwanted side effects of a
new technology. The public perception of risk may depend, however on
psychologlcal factors as well as scientific ones. _

« The more parts and connectsons a system has, the more ways it can go wrong.
Complex systems usually have components to detect, back up, bypass, or
compensate for minor failures.

« To reduce the chance of system failure, performance testing is often conducted
using small-scale models, computer simulations, analogous systems, or just the
parts of the system thought to be least reliable.

C. Issues in Technology
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More and more, citizens are called on to decide which technologies to develop, which to use,
“and how to use them. Part of being prepared for that responsibility is knowing about how
technology works, including its alternatives, benefits, risks, and limitations. The long-term
interests of society are best served when key issues concerning proposals to introduce or.
curtail technology are addressed before final decisions are made. Students should learn how
to ask important questions about the immediate and long-range impacts that technological
innovations and the elimination of existing technologies are likely to have. But intelligent adults
disagree about wise use of technology. Schooling should help students learn-how to think
critically about technology issues, not what fo think about them. Teachers can help students
acquire informed attitudes on the various technologies and their social, cultural, economic, and
ecological consequences. When teachers do express their personal views (to demonstrate that
adults can have well-informed opinions), they should also acknowledge alternative views and
fairly state the evidence, logic, and values that lead other people to have those views.

Understanding the potential impact of technology may be critical to civilization. Technology is
not innately good, bad, or neutral. Typically, its effects are complex, hard to estimate
accurately, and likely to have different values for different people at different times. lts effects
depend upon human decisions about development and use. Human experience with
technology, including the invention of processes and tools, shows that people have some
control over their destiny. They can tackle problems by searching for better ways to do things,
inventing solutions and taking risks.

Case studies of actual technologies provide an excellent way for students to discuss risk.
There is a vast array of topics: the Aswan High Dam, the contraceptive pill, steam engines,
pesticides, public-opinion polling, penicillin, standardized parts, refrigeration, nuclear power,
fluoridated water, and hundreds more. Teachers and students can assemble case-study
material or use commercially developed case studies. Good design projects and case studies
can help students to develop insight into experience.

Kindergarten through Grade 2

Design projects give students interesting opportunities to solve problems, use tools well,
measure things carefully, make reasonable estimations, calculate accurately, and
communicate clearly. And projects also let students ponder the effects their inventions might
have. For example, if a group of the children in a class decides to build a large shallow tank to
create an ocean habitat, the whole class should discuss what happens if the tank leaks,
whether this project interferes with other projects or classroom activities, whether there are
other ways to learn about ocean habitats, and so forth. More generally, young children can
begin to learn about the effects that people have on their surroundmgs

Students at this level are old enough to see that solving some problems may lead to other
problems, but the social impact matters should not be pressed too hard now. That might
overemphasize constraints and take much of the fun out of doing simple projects by requiring
too much analysis.

By the end of the 2nd grade, students should know that

o People, alone or in groups, are always inventing new ways to solve problems and
get work done. The tools and ways of doing things that people have invented
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affect all aspects of life.

« When a group of people wants to build something or try something new, they
should try to figure out ahead of time how it might affect other people.

Grades 3 through § ©

Students can become interested in comparing present technology with that of earlier times, as
well as the technology in their everyday lives with that of other places in the world. They can
imagine what life would be like without certain technology, as well as what new technology the
future might hold. Reading about other civilizations or earlier times than their own will illustrate
the central role that different technologies play. Students may get involved in current
campaigns related to technology-saving energy, recycling materials, reducing litter, and the
like. Waste disposal may be a particularly comprehensible and helpful topic in directing their
attention to the side effects of technology.

By the end of the 5th grade, students should know that -

.» Technology has been part of life on the earth since the advent of the human
species. Like language, ritual, commerce, and the arts, technology is an intrinsic
- part of human culture, and it both shapes society and is shaped by it. The
technology available to people greatly influences what their lives are like.

 Any invention is likely to lead to other inventions. Once an invention exists,
people are likely to think up ways of using it that were never imagined at first.

e Transportation, communications, nutrition, sanitation, health care, entertainment,
and other technologies give large numbers of people today the goods and
services that once were luxuries enjoyed only by the wealthy. These benefits are
not equally available to everyone.

« Scientific laws, engineering principles, properties of materials, and construction
techniques must be taken into account in designing engineering solutions to
problems. Other factors, such as cost, safety, appearance, environmental impact,
and what will happen if the solution fails also must be considered.

« Technologies often have drawbacks as well as benefits. A technology that helps
some people or organisms may hurt others-either deliberately (as weapons can)
or inadvertently (as pesticides can). When harm occurs or seems likely, choices
have to be made or new solutions found. |

» Because of their ability to invent tools and processes, people have an enormous
effect on the lives of other living things.

Grades 6 through 8 Contents
To enrich their understanding of how technology has shaped how people live now, students
should examine what life was like under different technological circumstances in the past. They
should become aware that significant changes occurred in the lives of people when technology
provided more and better food, control of sewage, heat and light for homes, and rapid
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transportation. Studying the past should engender respect for the inventions and constructions
of earlier civilizations and cultures. ‘

Both historical and literary approaches ought to be used to imagine what the future will bring

" and to reflect on people’'s somewhat limited ability to predict the future. Science fiction and
novels set in future times suggest changes in human life that might occur because of yet
uninvented technology. Stories selected for this purpose should raise many different issues
regarding the impact of technology, and students should probe beneath the plot to analyze
those issues. Student groups can formulate and compare their own scenarios for some future
time-say, when they are adults.

'By the end of the 8th grade, students should know that

e The human ability to shape the future comes from a capacity fbr generating
knowledge and developing new technologies-and for communicating ideas to
others. . ’

o Technology cannot always provide successful solutions for problems or fulfill
every lthuman .need. ’

« Throughout history, people have carried out impressive technological feats,
some of which would be hard to duplicate today even with modern tools. The
purposes served by these achievements have sometimes been practical,
sometimes ceremonial.

o Technology has strongly influenced the course of history and continues to do
so. It is largely responsible for the great revolutions in agriculture,
manufacturing, sanitation and medicine, warfare, transportation, information
processing, and communications that have radically changed how people live.

« New technologies increase some risks and decrease others. Some of the same
technologies that have improved the length and quality of life for many people
have also brought new risks. o

« Rarely are technology issues simple and one-sided. Relevant facts alone, even
when known and available, usually do not settle matters entirely in favor of one
side or another. That is because the contending groups may have different
values and priorities. They may stand to gain or lose in different degrees, or may
make very different predictions about what the future consequences of the
proposed action will be. : i e

« Societies influence what aspects of technology are developed and how these are

used. People control technology (as well as science) and are responsible for its
effects. '

Grades 9 through 12

As suggested earlier, the real-world work of students as supplemented by case studies
probably provides the most effective way to examine issues related to how society responds to

the promise or threat of technological change-whether by adopting new technologies or
curtailing the use of existing ones. What must be avoided by teachers is turning the case

I WA W e
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studies into occasions for promoting a particular point of view. People tend to hold very strong
opinions on.the use of technologies, and not only of nuclear reactors and genetic engineering.
The teacher's job is not to provide students with the "right" answers about technology but to
see to it that students know what questions to ask.

Students can also add detail to their awareness of the effects of the human presence on life.
For instance, they should be able to cite several examples of how the introduction of foreign
species has changed an ecosystem. Out of this should come an awareness that people can
make some decisions about what life on earth will survive and a sense of responsibility about
exercising power. Students also should learn that people cannot shape every aspect of life to
their own liking.

For example, most Americans recognize that technology has provided new goods and
services, but not that industrialization of agriculture, by eliminating the need for children to
work in the fields, made it possible for them to attend school, thereby increasing the general
educational level of the population. These kinds of social impacts should be studied as well as
those that affect human health and the environment.

By the end of the 12th grade, students should know that

» Social and economic forces strongly influence which technologies will be
developed and used. Which will prevail is affected by many factors, such as
personal values, consumer acceptance, patent laws, the availability of risk
capital, the federal budget, local and national regulations, media attention,
economic competition, and tax incentives.

« Technological knowledge is not always as freely shared as scientific knowledge
unrelated to technology. Some scientists and engineers are comfortable working
in situations in which some secrecy is required, but others prefer not to do so. It
is generally regarded as a matter of individual choice and ethics, not one of
professional ethics. :

» In deciding on proposals to introduce new technologies or to curtail existing
ones, some key questions arise concerning alternatives, risks, costs, and
benefits. What alternative ways are there to achieve the same ends, and how do
the alternatives compare to the plan being put forward? Who benefits and who
suffers? What are the financial and social costs, do they change over time, and
who bears them? What are the risks associated with using (or not using) the new
technology, how serious are they, and who is in jeopardy? What human, material,
and energy resources will be needed to build, install, operate, maintain, and '
replace the new technology, and where will they come from? How will the new
technology and its waste products be disposed of and at what costs?

« The human species has a major impact on other species in many ways: reducing
the amount of the earth’s surface available to those other species, interfering
with their food sources, changing the temperature and chemical composition of
their habitats, introducing foreign species into their ecosystems, and altering
organisms directly through selective breeding and genetic engineering.

« Human inventiveness has brought new risks as well as improvements to human
existence. '
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8. THE DESIGNED WORLD

A. Agriculfure
Kindergarten through Grade 2
Grades 3 through 5
Grades 6 through 8
9 h

Kmdergarten through Grade 2
Grades 3 through 5
Grades 6 through 8
Grades 9 through 12
C. Energy Sources and Use
Kindergarten through Grade 2
Grades 3 through 5
Grades 6 through 8
Grades 9 through 12

D. Communication
Kindergarten through Grade 2

Grades 3 through 5

Grades 6 through 8
ides
E.
Grades 6 through 8
~ Grades 9 through_ 12
F. Health’

5,3 through 5
Gra‘ ies 6 through 8
Grades 9 through 12

The World we live in has been shaped in many important ways by human action.
We have created technological options to prevent, eliminate, or lessen threats to
- life and the environment and to fulfill social needs. We have dammed rivers and
. cleared forests, made new materials and machines, covered vast areas with
cities and highways, and decided-sometimes willy-nilly-the fate of many other

living things.

In a sense, then, many parts of our world are designed-shaped and controlled,
largely through the use of technology-in light of what we take our interests to be.
We have brought the earth to a point where our future well-being will depend
heavily on how we develop and use and restrict technology. In turn, that will
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depend heavily on how well we understand the workings of technology and the
social, cultural, economic, and ecological systems within which we live.

Science for All Americans

Here the focus is on particular technological systems, such as agriculture and manufacturing,
and the benchmarks indicate what particular engineering, scientific, social, and historical
understandings students should gain. In the companion Chapter 3: The Nature of Technology,
the benchmarks deal with general pnncrples of technology and engineering, with the
relationships between technology and science, and with the effects of technology on society.

The sections in this chapter are not intended to cover all major areas of technology. Other
areas-such as the technology of warfare, transportation, or architecture- might also have been
included. The areas covered here should supply an ample sampling of major ideas to serve as
a basis for understanding various key technologies of today-and those that will come
tomorrow. For many of the ideas in this chapter, students will need a background
understandmg of the physical setting and the living environment, for which benchmarks are
given in Chapter 4: The Physical Setting and Chapter 5: The Living Environment.

The content should not be taught solely in the technology curriculum. The responsibility needs
to be shared by science, mathematics, social studies, and history. Some of the instruction can
be didactic but much of it should be done through student projects. Technology projects should
be part of the curriculum from the earliest grades, gradually becoming longer and more
complex. Most projects should be done by small student groups with teachers acting as
advisers. Classroom visits by people involved in technology-related fields-such as architecture,
transportation, and textiles-may help to acquaint students with occupational opportunities in

technology.

A. Agriculture ;ﬁ

A majority of people never see food or fiber before those products get to retail stores, and
primary-school children may have only vague ideas about where their foods and fabrics come
from. So the first steps in teaching children about agriculture are to acquaint them with basics:
what grows where, what is required to grow and harvest it, how it gets to the stores, and how
modem-day U.S. agriculture compares with agriculture in other places and other times. Such
comparisons prepare students to consider how agriculture can be improved, what resources
are needed, and the consequences for society and the environment.

For most students, media resources about agncultural production in the United States and
elsewhere may have to supplement firsthand expenences Projects to trace locally available
food and fiber back to their origins are helpful in providing at least some personal experience.
As students become better able to handle complexity, they can undertake projects that require
planting, fertilizing, selecting desirable features, and adjusting the amount of light, water, and

warmth.

Projects for older students can involve the preservation of food and fiber, requirements for
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good nutrition, comparing energy efficiency of different products, and long-term changes in
water, soil, and forest resources. They should expand their sense of what agriculture is to
include the planting and harvesting of materials for use as fibers and fuel and for building
shelters. When students are able to grasp the interdependent elements of the agricultural
system, including fuel, roads, communications, weather, and prices, they may assess what
disasters do to an agricultural system and possible ways of recovering or even reducing their
likelihood. ‘

Kindergarten through Grade 2

The basic experiences for primary-school children include seeing plants grow from seeds they
have planted, eating the edible portions of the mature plants, and noticing what plants and
other things animals eat. Comparisons can be made to see what happens if some plants don't
get water or light, but carefully controlled experiments should be delayed until later, when
students will know better how to conduct scientific investigations. Some of the earliest stories
to be read to and by small children can tell about life on the farm and what happens to food
between the farm and the store. :

By the end of fhe 2nd grade, students should know that

« Most food comes from farms either directly as crops or as the animals that eat
the crops. To grow well, plants need enough warmth, light, and water. Crops also
must be protected from weeds and pests that can harm them.

« Part of a crop may be lost to pests or spoilage.
e A crop that is fine when harvested may spoil before it gets to consumers.

e Machines improve what péo‘ple get from crops by helping in planting and
harvesting, in keeping food fresh by packaging and cooling, and in moving it
long distances from where it is grown to where people live.

Grades 3 through 5

Students should enhance their earlier experiences by following plants through the production
of new seeds and offspring. They can design experiments to see the effects of water, light, and
fertilizer, although their experiments should involve only one variable at a time.

They should study what crops are found in different environments, including oceans, and trace
the paths that various foods and fibers take as they move from growers to consumers.
Storage, transportation, preservation, processing, and packaging should be considered. Where
- possible, students should visit markets, farms, grain elevators, and processing plants and
examine trucks, trains, cargo planes, and as many other parts of the "technological food chain"

as possible.

To appreciate the rigors of agriculture, students should learn about life in earlier times and the
great effort that went into planting, nurturing, harvesting, and using crops. It is important that
they know some of the hazards that food encounters from the time it is a seed until it reaches
the kitchen. Food preservation and sanitation can be explored in early grades, but explanation
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of spoilage as the result of microorganisms should wait until 6th through 8th grades.

By the end of the 5th grade, students should know that:

ant varieties and animal breeds have more desirable characteristics than
ut some may be more difficult or costly to grow. The kinds of crops that
w in an area depend on the climate and soil. Irrigation and fertilizers can
3ps grow in places where there is too little water or the soil is poor.
« The damage to crops caused by rodents, weeds, and insects can be reduced by
using poisons, but their use may harm other plants or animals as well, and pests
tend to develop resistance to poisons. o

. Héati g, salting, smoking, drying, cooling, and airtight packaging are ways to

n the spoiling of food by microscopic organisms. These methods make
e for food to be stored for long intervals before being used.

« Modern technology has increased the efficiency of agriculture so that fewer
people are needed to work on farms than ever before. }
"« Places too cold or dry to grow certain crops can obtain food from places with
more suitable climates. Much of the food eaten by Americans comes from other
parts of the country and other places in the world.

Grades € through 8

in middle school, students can examine how changes in climate, fashion, or ecosystems affect
agriculture. The news media, even in the cities, often report how well particular crops are doing
in response to weather, pestilence, market demand, federal policies, and the like. Students'
discussions of such current events can lead them to raise technological, scientific, economic,
and political questions for further study.

Students should continue to be engaged in gardening and experimentation. As an addition to
traditional seeds-in-soil activities, hydroponics is an inexpensive and relatively rapid way to
help students understand modern agriculture because it allows them to monitor and control
many of the variables that contribute to plant growth and development. Students at this level
also study geography and the early history of the human species, including the transformation
from hunting and gathering to farming. This agricultural revolution provides a dramatic instance

of social change made possible by technological advances and, conversely, of technological
advance promoted by social change. ' . » N

By the end of the 8th grade, students should know that

« Early in human history, there was an agricultural revolution in which people
changed from hunting and gathering to farming. This allowed changes in the
division of labor between men and women and between children and aduits, and
the development of new patterns of government.

« People control the characteristics of plants and animals they raise by selective
breeding and by preserving varieties of seeds (old and new) to use if growing
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conditions change.

« In agriculture, as in all technologies, there are always trade-offs to be made.
Getting food from many different places makes people less dependent on
weather in any one piace, yet mare dependen on transportatlon and

nul lizing in one crop may risk

st populat:ons w;pe out that

replemshed by rotatmg the right crops

. Many peaple work to brmg foad f;ber, and fuel to US markets. With lmproved
technology, only a small fractfon of workers in the United States actually plant
and harvest the products that people use. Most workers are engaged in
processing, packagmg, transportmg, and seﬂlng what is produced.

Grades 9 thféﬁgh 12

Students' understandmg of agncultural technology can ;ncreasmgly draw upon their
understanding of underlying science concerning the interaction of living things with their
environments in ecosystems, the inheritance of traits, mutations, and natural selection. Their
growing familiarity with systems concepts should be exploxted in agricultural contexts to study
the interactions among production, preservation, transportation, communications, government
regulations, subsidies, and world markets. Social side-effects and tradeoffs of agricultural
strategies shou!d be discussed in both local and world contexts

By the end of the 12th grade, students should know that

e New varieties of farm plants and animals have‘ been engineered by manipulating
their genetlc mstruct;ons to produce new characteristics.

« Government sometimes intervenes in matchmg agrlcultural supply to demand in
“an attempt to ensure a stable, high-quality, and inexpensive food supply.
Regulations are often also designed to protect farmers from abrupt changes in
'farmmg conditions and from compet:tlon by farmers in other countnes

. Agncultura! technology requires tradeoffs between increased productnon and
environmental harm and between efficient production and social values. In the
past century, agricultural technology led to a huge shift of populatton from farms
to cities and a great change in how people: llve and work

B. Materials and Manufacturing

Most children like to make things. Over the school years, students should study and
manipulate (shape, cut, drill, pound, bake, soak, radiate, join, grind, etc.) many different kinds
of materials, from mud, clay, and paper to chemical reagents, alloys, and plastics. In doing so,

they learn about the physical and chemical properties of materials as well as about
manufacturing. In their hu!lrhnn activities, students should progress from using slrnnln tools

P Ty P e e

(scissors, paste, string, ruIers) to standard hand tools and cookmg utensils to sensmve
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measuring instruments and power tools.

Students should also move from designing and making simple objects to designing,
assembling, and operating a manufacturing system. The importance of planning, coordination,
and control should become as evident as the importance of selecting the most appropriate
materials and processes. Also evident will be the need for financing, sales, and follow-up
(including mamtenance repair, and handling complaints).

Historical, social, cultural, and scientific perspectives, involving readings and films to focus -
class discussion and student papers, can help to fill in the picture of materials and
manufacturing as essential components of human society.

" Kindergarten through Grade 2 |

Young children should have many experiences in working with different kinds of materials,
identifying and composing their propert:es and figuring out their suitability for different
purposes. (The Three Little Pigs is a familiar introduction to the world of materials for very
young children.). It is not too early for children to begin to wonder what happens to something
after it has been thrown away. They can monitor the amount of waste that people produce or
take part in community recycling projects.

By the end of the 2nd grade, students should know that:

o Some kinds of materials are better than others for making any particular thing.
Materials that are better in some ways (such as stronger or cheaper) may be
worse in other ways (heavier or harder to cut).

o Several steps are usually involved in making things.

. Tools are used to help make things, and some things cannot be made at all
without tools. Each kind of tool has a special purpose.

o Some materials can be used over again.

Grades 3 through 5

‘Many interesting activities enable children to expenence how:people process materials.
Cooking can help young people develop concepts about the effects of combining various
ingredients and treating mixtures to change their properties. Weaving cloth and straw, shaping
metal and plastic, cutting wood, and stampmg leather can help students discover the ,

_properties of various materials and experience how people transform materials into useful
objects.

Teachers can channel students' inclination to make things into assembly activities that benefit
from teamwork and go beyond producing a single product. Students can develop and use a
series of simple workstations to make sandwiches or fold paper into objects. Students should
consider how {o improve product unlformlty quantity, and quality and reduce the costs of
manufacturing products
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By the end of the 5th grade, students should know that:

« Naturally occurring materials such as wood, clay, cotton, and animal skins may
be processed or combined with other materials to change their properties.

« Through science and technology, a wide variety of materials that do not appear
in nature at all have become available, ranging from steel to nylon to liquid

crystals.

« Discarded products contribute to the problem of waste disposal. Sometimes it is
possible to use the materials in them to make new products, but materials differ
widely in the ease with which they can be recycled. ‘

« Through mass production, the time required to make a product and its cost can
be greatly reduced. Although many things are still made by hand in some parts
of the world, almost everything in the most technologically developed countries
is now :ﬁi‘bduced using automatic machines. Even automatic machines require
human supervision.

Grades 6 through 8

Recycling activities take on added value when students learn about a material's origins and
history. Students at this level can frace the production cycle of common materials such as
paper, lumber, rubber, steel, aluminum, glass, petroleum, and plastics. Their investigation
should begin with the natural formation of raw materials and examine the techniques employed
to gather these raw materials, process them into workable materials, transform them into
industrial and consumer products, and dispose of the products when they are no longer useful.
Students should identify points in the production and disposal cycle where used materials can
‘be collected, sorted, and reprocessed into usable materials. Once students have a sense of
the whole cycle, they can understand how recycling can conserve energy and natural
resources. Students can reflect on the influences that their own consumption choices can have
on what products are made and how they are packaged. (Later, they can find out that
sometimes recycling may use more energy and other resources than it saves.)

It is appropriate in the middle grades for students to undertake one or more manufacturing
initiatives of some magnitude and complexity. At this level, students should address the
challenges of conducting efficiency studies, designing production tooling, engineering a
production facility, maintaining quality-control standards, and marketing their final product. The
emphasis at this level should be on efficiency by maximizing production while minimizing
losses (for example, of time, material, energy, and effort).

By the end of the 8th grade, students should know that

o The choice of matérials for a job depends on their properties and on how they
interact with other materials. Similarly, the usefulness of some manufactured
parts of an object depends on how well they fit together with the other parts.

» Manufacturing usually involves a series of steps, such as desighing a produbt,
obtaining and preparing raw materials, processing the materials mechanically or

chemically, and assembling, testing, inspecting, and packaging. The sequence of
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these steps is also often important.

« Modern technology reduces manufacturing costs, produces more uniform
products, and creates new synthetic materials that can help reduce the depletion
of some natural resources. .

« Automation, including the use of robots, has changed the nature of work in most
fields, including manufac<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>